12 United States Patent

Guan et al.

US009267117B2

US 9,267,117 B2
*Feb. 23, 2016

(10) Patent No.:
45) Date of Patent:

(54)

(71)

(72)

(73)

(%)

(21)
(22)

(65)

(60)

(1)

(52)

MAPPING CYTOSINE MODIFICATIONS

Applicant:

Inventors:

Assignee:

Notice:

Appl. No.:

Filed:

US 2014/0127678 Al

New England Biolabs, Inc., Ipswich,
MA (US)

Shengxi Guan, Stoncham, MA (US);
Nan Dai, Gloucester, MA (US); Zhenyu
Zhu, Beverly, MA (US); Ivan R.
Correa, Jr., Ipswich, MA (US); Aine
Quimby, Newton, NH (US); Janine
Borgaro, Beverly, MA (US)

New England Biolabs, Inc., Ipswich,
MA (US)

Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 0 days.

This patent 1s subject to a terminal dis-
claimer.

13/826,395

Mar. 14, 2013

Prior Publication Data

May 8, 2014

Related U.S. Application Data

Provisional application No. 61/724,041, filed on Nov.
8, 2012, provisional application No. 61/723,427, filed
on Nov. 7, 2012, provisional application No.
61/722,968, filed on Nov. 6, 2012, provisional
application No. 61/611,295, filed on Mar. 15, 2012.

Int. Cl.
C12Q 1/68 (2006.01)

CI2N 9/02 (2006.01)

CO7H 19/06 (2006.01)

CO7H 21/00 (2006.01)

CI12P 19/18 (2006.01)

C12P 19/30 (2006.01)

CI12P 19/34 (2006.01)

CI2N 9/10 (2006.01)

CI2N 9/22 (2006.01)

CO7K 14/47 (2006.01)

U.S. CL

CPC oo CI2N 9/0069 (2013.01); CO7H 19/06

(2013.01); CO7H 21/00 (2013.01); CO7K 14/47
(2013.01); C12N 9/1051 (2013.01); C12N 9/22
(2013.01); C12P 19/18 (2013.01); C12P 19/30

(2013.01); C12P 19/34 (2013.01); C12Q 1/68

(2013.01); C12Q 1/683 (2013.01); C12Q

1/6806 (2013.01); C12Q 1/6809 (2013.01):
C12Q 1/6827 (2013.01); CO7K 2319/80
(2013.01); CO7K 2319/81 (2013.01)

(38) Field of Classification Search

None
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

11/2012 Zhu et al.
9/2013 Vaisvila et al.

2012/0301881 Al
2013/0244237 Al

FOREIGN PATENT DOCUMENTS

WO W0O20100057001 4/2010

WO WO2011025819 3/2011

WO WO 2011/091146 Al 7/2011

WO W0O2011091146 7/2011

WO WO2011127136 10/2011
OTHER PUBLICATIONS

Adams et al. GeneBank Acession No. ABXK0O1000045 (May 12,
2008).*

Borgaro, et al., Nucleic Acids Research, 41(5):1-9 (2013).

Booth, et al., Science, 336:934-937 (2012).

Jagdale, et al., Synthesis, 4:660-664 (2009).

Morales-Serna, et al., Synthesis, 9:1375-1382 (2011).

Falorni, et al., Tetrahedron Lett., 40: 4395-4396 (1999).

International Search Report for International Application No. PCT/
US2013/068290 dated Mar. 11, 2014.

Szwaglerczak, et al, Nucleic Acids Research, 19, e-181, 2010.
L1, et al., Chemustry and Biology, 11, 1, 107-119, 2004.
Seto, et al., Eur. J. Biochem, 259, 3, 770-775, 1999,
Song, et al., Nature Biotechnology, 29, 1, 68-72, 2011.
Yu, et al., Cell, 149, 6, 1368-1380, 2012.

Yu, et al., Nature Protocols, 7, 12, 2159-2170, 2012.
Borgaro et al Nucleic Acids Res. 2013 41: 4198-4206.
Wang et al Nucleic Acids Res. 2011 39: 9294-305.
Adams et al J. Bacteriol. 2008 190, 8053-8064.

Morera et al J. Mol. Biol. 2001 311:569-77.

Ito et al Science. 2011 333: 1300-3.

Wu et al Genes Dev. 2011 25: 2436-52.

Williams et al EMBO Rep. 2012 13:28-35.

Hashimoto et al Nature. 2014 506: 391-5.

Saleh et al FASEB Journal 2014 28 Supplement 768.16.

* cited by examiner

Primary Examiner — Nashaat Nashed

(74) Attorney, Agent, or Firm — New England Biolabs, Inc;
Harriet M. Strimpel

(57) ABSTRACT

Methods, compositions and kits for selectively altering and
detecting modified cytosine residues are provided.

6 Claims, 8 Drawing Sheets



US 9,267,117 B2

Sheet 1 of 8
1

Abad!

Feb. 23, 2016

U.S. Patent

ghith
-l

f

f

p
5-§-6-N3-gaC

J
J
)
)

& o o o b & & o o A i o & o o A W b W W 0 &
o o e a  a a a a a  a a  a a  a  a  a  a  a  a  a  a  o  a
. . . . . . . . . . . . . . . . . . . . . . . . . . . 4 m 4 A A 4 A A A A A A A.A A A A A A A A A A A A a A m aam s aaoa s . A e a aa a  aa
00 T LT I S T 0 S S T I A T R T R T L T L A NN A NN NN A A NN NN I A NN N N N N O NN N N NN N N N A NN N I N N N N R
N e g iy dr A e A A & N N
o el W N & e dr e e i i ik L N N e el
N g i e i a  al aE aa) e N e aa aa a aat a  a a a y
N R el e & e dr de e e d & ek g e g N R e g
) Lt e N L k) e e N e e N aa al akaa Ll
e Ay e e e e e e e ke ke e b e kA A #dr dr iy iy Sl e e R e iy Lyl ey e e e e e ey e
A W dr e Ak Nk kg ke ko ke ke kL s o ) dr iyl e el e R e d d e L e ap e e e ek i N
w0 i e dr i ik A ey e e e e ke e bk M A E L a3 aEar al alal o A dr e e e dp e a i el W e ap e dp e el e de i . A e e r 0 e e e e a e e e ae
E s L e e e Ll st skl ol iyt iy i e e e de L el e i e e el e e e i
w ke d dp e g i e L i i i i e E ol ) N L N
i iy e i e e e e & U U dr i e b ke e de ke b b A . Ll k) o e e ke a @ i iy el i e kK kX
A ey e e e e e e e e R e M e R A E et et sl dpp e ey A e e e e e Wy Ty g ap ey e e e e Wt ey e e e e e e e e
ey e ey e i R N e ol k) N g NN N B hk ok ok d ke Ak kKN Nk kK
e N Lk N ok E Ll 30 2l al o e LA e
i iy e i iyl e e i e Lk s aa ) L N AN N R
ke d d il ke gk & & ek dd ke ek ke ke ke M R A &k drde ke kA ke &k k L N g N N N
i i e i el i Ll N i i Ll k) Wy i r e e e e e A e e e e e e e el L N kN
A L e i S i el sl e sl el W e e ey e e e e e e T ey e ey e e a e e e ey e e
i e e el de e h B % & & Kk ko A d ke ke k ke kM Lk A . o ) L N N A N N
e N L aC a0 3 ol bl e E Ll aEa al aaEal b L el e ) L C kb el
E s e e e i i L N e e e e ) L et
I d U b e dp i b L e N N g & dr dr dp e e d e ke i kA Ll ) N g R ) L el
o Vo T i e A N N L L ) LA e N
B e S S e e T T T P T iy iy it
w e dr dr A e dr i ik L e W dr dr e e il i e ey e e e e e e e e A e e e e de e e b W e dp a0 e d ke de ki L N
E s L e e i g e e N g e L e e )
e dr dp e ke b ke L e A g N a aa L )
i i e i iy e i L ok o e e e N e A S ke N LAk  a ak kN
i W dp Sl ey i e e ey e ey e e e e e e e e e e e e Ty e ey g e e eyl e e e gy e ey e e e e e e e e
N N N N N N i e N A N N N N N N N N N e
e r e e e d e e e dpdp e e e e e e e e e ek e e U ke W Mk koa N N Nk el el e
ap e iy e ey iy el e e e e ey e e e dp e b e ke M W A e e e
N e e N N e  a a  aE a aaa a aa aaaaa
e e N e N R N N ko N
ey e e e ey dp iy e e e e e e e b e e M d A M aua adr dr iy iy dp iy e i e L g e g
N N g i e ol A N g N N e e
e e e e e e e e e e e e e e e e e e e de e b Mk aa E o aC 3 3EaE U a3 L e ke
N e sl ) T e e e
S e e e E a0 k) e N N o dr ke g ke kg Ak Wk
e N L N e e N e kN e N ok e
g e e e el e i o e e e e e e e e e e e A M M u E 0l 0 3l aC ar sl nl al al Ll e dp iy e e i e e e e
* e A Ak ik e e e e A Nk ik ke ke k ke ke ke kA . A ) N N N N L N N
> & o F N I R RN R O R RN R ] o b b bk o NN & o o b i b F &
SaTx S N L I el b P O T U ipg g iyt L e S ey i i L I I e I S S e e
N N Ak Ak kA d ke ke ke ke R L Lk A ke e ke kR g Ak L e e i R N A ) L0 M g N A & dr d ke d ke ke ke a ok
b o W i d i e d kK ke ke ke ue bk e A e e i e de b b B e bR AW L) L e ) L N ol e e el ki L o
*» oy iy iyl i el L i i i e A e e e e e e e e N i i I | L) LAl sl el iy dr iy e e eyl e e
¥ A N N A adr e d A ke ke ke ke ke bk Ao ok kg N kN k& LN N N i ) L N N N WA A e kel d e A d Kk ke d g
! S L N o O e N I L T T TP, o ) I I I I ™. oo e N
i S L I I e S e e e T e e T e T I I I I I Ny e a a a a
iyl S e T o N A S TP/ P ) o S e e e N g™ LN I T S i Syt it
- w e dr el ke W e e e e i ke e b A I e e e e e e e e e e e ka0 - L AC A0 x W ey e e ke e e e e e b ekl ke Ll e
¥ i iy e i ey o e eyl e N e ke kb A et ) L dp iyl e ey e e O e o e iyl et L e e
- I d d ke de d ki & Ak e A gk ke ke ke ke k M kA A o L) EC 0 3 W Jod d kA kA Mk dr ke d ek Ll A& e Ak e d gk ke ke ke ke
¥ ”...u_......._....._..........._....._..k......_....._q . ._..____.4._...4_4...4.........1......#......1&...#...&...&...t.rhﬂ.J_.J_.J.__“., L N I N JE NN ) e M NN AL M n o NN N N N ORI L N Bt L e B RC AL M NN AL AL LM N N
¥ iy dr i e d B Rk A A Ak d ke ke bk kL b k. X ok k ok k kN kA k o e N N N e el N N e EaE ) N N
¥ o N e a e e e B e e a  a  a a a  a  a a a  a a aa N o Sttt
ke d d ke g ek e g Y A dr e d dp i e e e e e e e e e e e e e e e e e e e e W7 e e d U e e d e b d b A dp iy e e e gl e e e g ke ke ke b ke ke ke h
o o b b o W oA o o & o o & - o o o A
B N N N A e AN N N R R U P N PN A . P N e I P T T T T T A M N e A M N A A AN N A NN N N N NN I NN N I JETCIN X I A MM N A MM e e AN N A NN N I NN N N e
iy kel d e a LA N N i R N g N N N N
b ke N N R N N N N e e
N g g e e e e e e e e e e g g
ey dr e ke de N g e e e e el ke de e b b b e WM M M oaE N N a a a N  a a aa a aaa
e e N e e
B e i e g e e e e e
N N e g e e e e N R N N R N N N e
ey ad e r d de ae  dr dr d d ae a e e de ede de de ee de de b Mk koa N N T N R kA aC L e R kNl
ap iy e e e e e e e e ap e e e e e e b B A N I o ) R R e e e b gt
S g g N N R k) A dr e e e ke g A gk A de e kT dr ey de e dp e e e el e e d e e e g e ek ke ke ke e e e
N e e N N N P S M | at R R N N A ks
e I R e O S R N AU Sty Sy PPy Pl R i Py i x R g g e o O I AL L T g Tl g Sy i it
R s T N g ke L R M B i e e e dp g 0 e e de kT e e e e e e dr e e e A e i r e o ek e a e i e e
E T e W iy ey e e e e dp a e i b e Ak A Ak a a e ar a Ml B dr d dr a d d a e  h e a k ae M e m L R T . e
- A L A N o el e Ll 1 & & e e el e Ak i d ke b R T e e ke ke ke A a dr e e d e e Ak ke ek ke ke
- i Ll ks o W ek dr U Nk e A ke e de ke b M MWL L el ) L
- ey e L) W iy e e e e e e e e e A ey e e L e 1 At e ey e ey e e 8T Tap e e e e e e - dp iy e e e e ek
i . i i e i iy iy e i W e eyl e el i b ke ke ke k L o L N L ) W i iy i e ik b e i
& N W ip dr ey e e e e e e e e e e ol o k) Ll A I N L e ke Nl W e e 0 e e e e R e
am ) EN A A Wy Ay i ey e i e Ay ey i iy L N e e T 1 A ) Wy e ke e
* . A A e e ek e e A ik ke ke b ke e N e A g R N e A a & e drd gk Ak ke ke Ak
»x i i e i iy e i e L o I d ek a a kK i Wiy e e u i e ke e i e ke ke bk d k.l L e e Wk &Kk ke dr Kk ke d i a
- - ] W dr e iy dr e e dp ey e e b e o e e e el | L L e ) At eyl i e e e e e
Ty ¥ ey i kel d e ek L o L N N Y 1 N  a N
- & e L0 aE 3 30l e N e L R W e e 0 e dr e kT e e e dp e el e e i i Wt e e 0 e d A e L ek
T a i iy ey e e L R A e e a a ea L N e ) L e e ) e e
- - A & & & g e ke Rk Ak kA Kok k k kN k k ko L L e e g A dr e e de ke d ke ke ke ke ke
- x - i i e i iyl i e e L L ka3l aEE o o L e A e ) e e e Nl ) W Ay e b a ik ke Xk
. - w iy Ll e e i e Tt ey g i e e e e e A e I e e e e e L A e N S A W e e ey g e e g e & dp i tap dp e eyl ol WA iy e e e e e e e e
r o * N N * A Ny ) L e e ol a a X N N N S o e R N
o - e N N L) A e e e i e dr i ke e e i de d N o ok o o L e N N ) * e e I N L N et
am E e L R e g g R e e e ) e o L e e a aaa aa a ) L
- A N A a & e A A dr dr e e dp ek kg ke kA e o e L e I N dp a R Ry dr e e dp e e d e e el b ke e dr dp dr e e de e dr ok » W e dr e dr ke Ak ke ke ke e Ak
T N a3 E el Ul st o Sl aat X d o kN kN X i N e o e al a aE a aaa  aE al al aa L) e e
dr dr dr e dr e e L ) A e e e e ey L N S e e o N - & dr e e ey e e e B e e Ak
e L Ak e Ak dr d e R A ke gk ke ke ko N N A N A N N N N N N N R N N N Kok ke kN kA
e ar ey ey 0 e e e W 0 e e dr e e e e e e e e e e ek b e Mk kM I e e e e e e e e e ey e U ey e e e e e e e el b R de W e R A W kR MW7 e e e e e i e i e dr e e e dp e e e e e dp e e dp e e e ar e e I dr e dp e dr dp e dr e e dp de i I e e e e e e A e e e e b A
N e aa a aaa a a a  a e e I e e e o e
N e e e T I R N oh e kA ke ke ke ke kR A
e e e L N N N N e A SR kel N kN
ey ey e e e e Ty e ey e e e e e e e e e e el b M M M a g e e e e e e e e e e e e e e
N e e L e e e o A o N N A N g g
N ol ke N N N e N R aa Eaa a NE a a aa I d e e e e e e e e e e e e e ke A
E e e g g e a a a a a a  a  al aaa e gt
S e e A e e e e e e e e ey e e e e e e e Mk R A R e W R M LT Rl e e e dp e e dr ki ke & dr dr e A e e dp e el e de Rk d i ke i e d ok i ke d ik oA R ke e e ke ke ke ke
R o e e e N N o N I e ol e Nl kg e N kN
T T I A o o A O S o I O A e g My i e e e a w a a  a
e e ey e e e A e ey e e e e e e e e e e ke e ke e e o bk ko o Ay ey e e e e e e el W kR MR RT ddp e e i dr i N L e L) W dr e e dp e i e i ke
* WAy ey e el e e i ik i ke i ke Kk Ak xR N e A N WAyl i dpa oy iy e i ey » e N N N
e e dr e e ey e e e e e e ey e e e e e e e e kb M N xR S N W a ke dr ko d ok ok d ko ko ko k ok kR * W dr e e i & ki ik d ko koK
¥ » e ks o o L o A et o WAyl ol i e e i ek i Wk i iyl
Ty Ny e e el e e e e e e e e e e e e e A e e e el 2 e R s s s . W e dr d i dp ey e e e e i el L N T e
- X N e N N X Ak Ak A Cd Nk ke d ke N e e il k a Bk Ak & ks oy d e e d e el i il ) & e A ek d a a
» T N o e aC aE aE aE E ak e al N o e A Cal aak aC A ) L I N L aE a0 R N
) ¥ N e aa  a aaaa aaa a aara arg iy e ey e e e L e e e ) W e A A dp e iy ey el el W A eyl i e d
- x Tk e e e e e e e i e dk de e e e e e ke ke e ke ke e Xk kN ke ko ko &k L g Ul Ak XAk dd & dp ke dr ok ke ke d ke k& E e N N
¥ X & e ) L kel st TN I e iy a e e et N k) W A A A o i e i e ki LaCEaE L L el
= x Ty e e e e iy o e el bl L e S T N WA A ddrdpdp e iy e e e dp g i e d el e
¥ ) N N ) &y dr el e el ek d kA ke ke ke ke el A d kel N N e ok ) B A A kA R A dra sy ddp ek d e ek i Ll el i dr e ka
N ¥ N e e R A i e e e a e ae e B L N e e al a aaal al aa Wk e ke ik e e 0 ke e i i LAl sl & e ik d ke
¥ i i iy e e iy e e e Ty iy iy il i e ey iy e e g e ke ke A e e ap e L e ok ) W e A A dpa ey e iy Ll W iy e iy e
N ¥ N N o B & ko dr d Ak d ke ke ke ke ke kA M MR LT e dr ke e ek de ek ke Ak Ak d kR ke drh dede b g dde bk b Bk & A & & kg ok &k ko ko k
¥ el e e o el a al ar  aEaE kot ko et Lt e kel L e e ) L) L R o PR e ks L E E kel A Al
e - ey dp ey e e e dp e ey e e el e e e e e e e e e e e e e e e iy e ey e e e e M b R a W AT ap e e e de e ek LAl WAy dp e e R e ey e e ey g i e » WAy e & iy d e dr ke
¥ X N e e N N I dr ik d d ik kN ko B dr b i bk d ke dp e e b de WM R - dp iy e iyl i e i L) W e dr e s e ey e e iy e Wk kA ol ke dr ki ek ke
- - N N o e ko e N A e N N N ) Wk R e d e e e e d e b 0 e dr ke e b g i ke i L C R S ke
¥ x iy e i ey e L e e e e e ay a a y a A N e A W e e  dp d b dr e eyl e dr e iy iy ey e iy L e e
N g e E el ) N N N N N N L R N g
b » e e Nt ot o e kol 2 N a a  a a a a  al  r a a aa l aE ane E  a a a E  E E ak aEa a a aa
drdp e e el e e dp e e e ey e e e A e e e I e e e L e g e e ke g
* L R N Xk Kk Nk kN kN Ok kN k& L o T T o O L I ol T o
N ol a0 A ke N e N N N N N el e e
e g g e g g
kA e g e e e Ay e e e e e e e e e e e e e e ke ke e bk ke o g g
o e N N N N N N N R Na a a al aa  a aE a a at ak aa  a a
B e e i g g e e e g i
N g a a  a  a a e N g N A
e e e e e e e e e e e e e e e e e e e e e b kR ke L  a  a a  a aENl a  aE a a  aa  a ar ak al ak  aaat aa ala
N N e N N N N e e
N e N N N e el e el e
e A ey e e i e de i  dar de  k ap de i e de ke e e e b b A L e e o N N e kN o
e a e a a e e e e e e e e e e L e e e M b M M M A D e e e N I N A g
- g N N N e dp el ey el e e e e ey e iy il e ey e e eyl i e e ey el e e e el
N N T o N i dp e e e 0 e e dr R e e drdpdr ke e d e dr dp dp e e e 0 e e e i e d ki Ak
* N e e e g e e e W e ey il ey o eyl el iy L e e
¥ o e e T e e e e e e e e e e e e e a e e e e e e a a  a ua a at e e e e Y, e e N  a a
; B A e e ey L e e e s W ar e iy e ey ap Y e ey e e e e g i el W iy dr e iy e ey bl e e e e e
¥ N o N L ) A N e e g A N B & & dr d eyl b e ek ke ke Bk A R &k A A ke & R A i dr ey dr o d ey
; N N ki aa ak E aal alaal a t aaa a a N L R N N W i ek e ke drodr kR dr ke dr ok ko ar Wl iy e e el R e dr ke bk 0
- N e g g Iy e a Wl ey e e R e e e b e de MR iy e iyl i ey i W Ayl e iy e iy L e e e
* N e  a a  aa a a aa aa a aaa B ) e e g ) & kR Ak ke dod kR d ke b od ok gk & & dr e e & & ke e drd bk bk
*» b o et N o ) L N e N N Wk A el - a i dr e el e i W Akl i i e i iy
* e el e i X e e e ey Ll WA e dr e o d R a e e odrde e dp L e e
¥ K b N N N e I d e el i ek o N N e T T N WAk Al i el e i - e e dp ik W A a il i i e i iy
» » ok a aE ar  aaa  ak ekl ke e X ae e e e e e A e e R el Nk k) Ay e e de pdr e R e e e e dr A e ir i e dr dr i e i
¥ ¥ N A N e X A Xk a i ke a d N N N L N N ) o
x * e dp U dr e dp dr e e e d e e i e d kb e e e e e b M kM E N Nl N N W e e dr e drdr d Tl ke bk e g W e e dr e e i & ek ik ko ok
X X o e N o e N N N a  a aE  a ar WA Ak R A e e 0 a iyl e i L e kU el
x - ey dp Ay e e el e ey e e e e e e e e e Mk a A e e ey e e ) Wt it iy dp e e dr e e dpdp de & e e e iyt dr e eyl el e e ey e e
¥ ¥ N N X ok Kk Ak kN Ak A N e N N B % & & & &k Rk & e & de e de Ul d Ao e ey b e ke i B & & Ry dp e Ay dr e eyl d ey
» N N aE  ak e N e L N Nl N AWl i e i e e el e de i kAT e e dr ke d ko Wl e dr e e el R e dr kb g0k
¥ ¥ a iy i iy e iy e ey ey e g e ke e e b A I e e a 2 N e e R e W iy dp S i iy iy ey
L) e e B el L e g g L e N e I N dp dr dr e e e dpdp e d kR e d ko bk ok
¥ b o N o o a  E a aa) L N N e N N N e e g k) L kN k)
- ey g e e e e e ey e e e ey e e e e e e e e Mk u A e ey e e e e e s e el el
ol N N N N N R N e N e R G e e ke N A N N N R T M M M M M MR M R M M MR MR NN M P M NN NN
- iy e e e e e de i dp ke e ke e b Ak g et el el
> L D N N N N S N N .r.r.r.....r.r.._.r.r.r.._.r.._.r.._ A .._......._..._..r.._..r.....r.............r.....r.....r.....r.....r......_......r.............r..........r........._..r.._.........r.....r.r.r.....r.r.r.r.r.rb N .._......r.....r.._..r.._..r.r..1.....r.....r.....r.....r.....r.._..r.....r.....r.....r.....r.....r.....r.....r.._..r......1.....r.....r.....r....r....r.._..r.._..r.....r.....r.....r.....r.r.r.r.r.....r.r.- o x .._......._......._......._......._......................._......._......._......._..._..._..._..._......._......._......._......._......._......._..._..._......._......................._......._.#t###########t###k#.r#.r#k
1l..l..J-.:.J..Tl..l.l-.:..J..T.J..l..J-.:.J..T.J..l..J-.T.J..T.J..Tl-.#}..f}..*}-.'*b-*.'}-.'”.f*.'”.'*.f”.' .T”.T .TH.T .T.T.r.'.'.'.r.'.r.r.r.'.r.'.'.r .l..T.T dr Ao dr b W b o S o N .T.T.T oA .T.T.T .T.T.T .T.'.T.T.T.TE.T.T.T.I.T.T.'E.T.r.'.r.'.r.r.r.'.r.'l.rl - o .T.'.T .T.T.T .T.T.T o A .T.T.T E N .T.T.T oA .T.T.T oA .T.'.T .T.T.T .T.T.T .T.'.T .T.T.T.'.T.T.r.'.rl dr Jr Jr & O N N U odr N odr N odr b b K bk i K bk i ik k ki i i .T.T.T
1.._..._..._..._......._......._..._..._..._..._..._......._...1......................T....t....t...k”.r....t...k....r....t ._1.._...1 .r.....v .r.._..t .TH.r.r.t”.T.r.r.r.._ RO n ..1.._...1....r....t....v....r..........v....r....t...k....r....r...k .r....t.._..v....r .r.....v .r.._..t e de bk A ek Ak Ed lH a” .._..._..t ._1.._...1 .r.....v .r....t.._..v....r t....v....r....r..........r....t.....v .r....t.._..v....r t”.v”.r”.t ..1”..1._1..1”..1 .r.._..t.r.v”.r.r.r.r.._ e - .._..._..._..._..._..._..._..._..._..._......._..._..._..._..._..._......._......._..._..._..._......._......._..._..._..._..._..._......._..._..._..._..._..._...1.._..._..._..._..._..._..._..._...........T..........r............................t....r...k”.r o
1.............._......._....b.................r..........r...b....t..........r...t....r .r.....r........”.r.............r....r”.r.....r”.r.....r”.r .r..1.__ .r.r.r.._ ..1.__ N N .r.__ N N .r.__ . - ......_..r.....r.....r.....r.....r.....rH.r.._..rH.r.....r.....r....r....r.....r.....r.....r”.r.....r”.r.....r”.r.....r”.r .r.v.r.r.r.r.__ .T.r.r.__ .r.r.T.__ .r.__ .r.__ ..1.__ N N W 'y .................r.....rH.r.....rH.r......_......r.....r.....r.....r”.r............r....r....r.....r....r....r.....r....r....r .r.r.r .r”.r .r.T.r .r.....r.....r.r.__ .r.v.r.r.r.r.__ ..1.__ T .................__......._..........................._.................................................._............_..........................._......._..................._................r..........r................;.”.r..........r....r...b .r.r.....r
N N JE N N ESE JE N h,Hh..._.k.._.h, et h1.._.h.._u,..u_ ot .ru.ru.._u.__u. u_....t...t...tnt...t...t e e N P et NN e NN APy UL N N N T e N N N N P N S P A S NN NN N NN N N D E D N N S th
N N N R N R N N A e R e R R R T A A R N e M R M M M R M R e M B M P MR M RN M NN MR R N e
N e e g g e e el e
S g o ) e N N N N e
e N D N N N N N N S S N R Rt N N R L N NE R DL NN e nl NN A NN N N N T T TR NN N N NN N N AL A MM N N M A N M e N P S N M e A M e A I I e A DM e S AE N e NN JE
N o N L N N N e e N N N T g  a al aa a  aaE W dr e ey e iy e e e e ey 0y
kel okl ad el e I N i e e e L e  a a  a et aC E E a  ar  E E EE a a aa a
N N A e Iy e e e A N e N N N e M N T A
N g  aa  aal aal a aa X ok k ko kN h ko k¥ e N N e N ) o dr iy iyl i e e e dp ok ke a0 i e e
Ay iy i e e el e e e ey e e e i e dp ke e ke e bk Ak E b o k) L e e e e N Tl o e e el aE aE a al ko
ey dp A ey e e ey e ey ey e e e e e e A M M ek I e e e L e N e Wt dr eyl i e e e ey g e e e e
N N N i e i e a d A ke d A N e N N M aa A N N N N
N e kN al ak aaE a aaa  a I de a e dr e d i i L N e e ) At iy iy i e e e e e e a0 e
ap iy ap e iy e iy g el i e ey e e e e e e ke w kA e L N e e a a  a  a a a  a aa L
N e i ) R N g e  a a a NN W e e e e e ke el e ek kb
A ok N e Ll N e T  aa  a aa  aa a  aE al L
B e e e i i o ) Wiy ey e e e e e T ey e ey e ey ey Sl S iy e eyl iy il e ey 0 e Ty e e e iy e ey e Wt dr g i ey ey e e e e e e
N N N N N N N N R ) Ik ek a a d e ke d L N e N N N N N W ddr ey el e e e e ke b i kA i b
N o o aa  aE  ak a a aa a  a N ! e N ) L N N )
ap iy iy e iy iy il i e iy e e e e g e b ke i b A o ) A N g N N R e
wdp iy e ey 0 e e U e e e U e e dr e g e e e e e e e bk Mk aa X dr dr ko ke dr ok ko ke ok W i e e by g U e e e el b e B ek ma e e e e e e e Uy ey e U ey iy e g ey dp e e dp e e e e by e e W N dp e e dp e e e dp e ey e el il e dp e e e dp 0 e e e e g ke ke ke e e e
A iy iy ey e el e e e e e e e i e ap ke ke ke bk A Ea L N o A o a a  a a a d a  a a a E E C E a aa al aaEar a a ak al ek N
drdr dr e e dr e e ey e e e e e e e e e e e e A Mk ek X dr e a ik 2 N s S s
i i T e i i T e T e Tl i T e T e e e a u e a a e ae a w wT e ) L N N N N N N N N N kN
o kel ke dr ar e e e e e e ) I N e N kb e
N N e e I e e e a a  e a L N e N e e e
wd Jpodr dp dp o dp b dp dp dr drdp dp Jp dp bp e dp dr dp b Jp dr dp de e de e Jr e B A B b K o R ol S S i A i i kol el bl drd b e de e e de o de e d b de e e b de b b ek drd ek bl h oo kb kb d d ki ki ke d i i
e kN N N N N N N N N e
wodp dr dp dp o dr dp dp o dr dp dp dr dp dp o dr B dp e B dr Jp dr dr dr B dr e B dr o Jr dr b Jr b b A & B Jr dr Jp Jr Jp Jp Jp dr dp Jr Jp dr Jp dr dr Jr dr dr Jp dr dr e Jr dr Or 4 Jr & Jr h b b kb & & & & & S dr dr Or & Jr O Jr k Jr dr Jr Jr Jr dr Or & Jr & Jr h O & Jr & Jr h b b h & J h b & h & X i Jdp dp Jp dp dp Jp Jdp dp Jp dp dp Jp Jdp dp Jp dp dp Jp Jp dp Jp dp dr Jp de Jp e Jp Jr Jdp Jp Jr Jdr dr Jr dr dr
N N e e N e e
wodr o dr dr o dp dp dp dp dp dr dp dr dr dr e dp dr o dp dr dr dr dr dr dr dr dr dr Jr dr Jr dr Jr B A B A o a & Jrodr dr dr dr dp dp dr dr dr e dp dr Jp dr dr dr dr dr dr dr dr dr dr B Jr B Jr O Jr b b b b b oa oa & Jrodr dr dr Jrodr dr dr dr r Jr dr Jr Jr - B Jr Or Jr bk h Jr Jr Jr Jr - b b b b b b b b & & & dr o dpr dp dp dp dp dp dr e dr dp dp dp dp dp dp dp e dr dr dr dp dp dp dp dp dp dp dr dr dr dr dr dr dr dr dr 0
N e N e el el et
L e S o T e o e e T e S e e e T e S e e T e e T T el S S A T T T S S e A A ) ok dr e dr drode b de B de de b dr Jr B B Mr & b b e b b b b b b A b b b b b b b & & dr dp dp dp dp dp dp dr e Jr dp Jp dp dp dp dp dp drodp dp dr dp dp dp dp O dp dp dp de Op b Jp e Jp O de b
o e e e N N N N N N N N R R N el Ea al
wodp dr dp dp dp dp dp dp dp de dp dp dp e dp dr e B dr e dp dr Jr B dr e B dr Jr dr Or Jr Jr b A oa oam O dp dp Jr dr dp Jp Jp dr Jp dr dp Jr Jp dp Jp dr dr Jr Jp dr e dr Jr Jr Jr dr O b k& & k& & k& & S dr dr O Jr Jr O dr Jr Or Jr k Jr Jr Jr Jr Jr Jr O & Jr & Jr Jr & & h & Jr b & & h & J b & X dr Jdp dp Jp dp dp Jp Jdp dp Jp dp dp Jp Jdp dp Jp Jdp dp Jp Jdp dp Jp dp dp Jp dp dr Jp dp Jr Jdp dp dr Jdp dr M dr 0r
N N N N N N N N N N
wodr dr dp dp dp dp dp dp dp dp dp dr A dp de de de dp B dr B dp dr e dr dr dr de dr Or & Ur b b A b Jrode dp de dp dp dp dp dp dr dp dp dp de dp dp dp A dp de dr dr de dr B dr B dr O b O bk b b b & & b dr dr b drdr Brodr Br 0 h o dr Jr Jo b Br o dr dr dr dr Jr de b dr dr e b B b Jr b de b M b U & & i dp g dp dp dp e dp e dp o Jdp dp dp dp dp dp dr e Jp dp dp dp dp dp de dp de p dp dp dp dp dp dp de A &
N e i g g e g e
rd ko kb kb k dd i it drddrdddd el i i s sk k ok o dp b dp b dr dr b dp b b odp b b dr dp b b dp e o de o dr e e b b U e B b b B & S ode brde drde dede de b de e o de e dr e h de de e o e B OB b e h e ok bl b b dp dpodp dpodp Jpdp Jrodp Jr Jp Jrodp dp dp dp o dr dr b dr e b ok K bp Kk bk b b b p b b b b K
A iy iy iy e ey e e e e e e e  ae e e dp ke e ke e ke kA e o N T aa al a al A
wodp dr dp dp dp dp dpodp dp dp e dp dp o Jr dp dp e B dr e B dp de B dr e B Jr o dr o dr b dr & b A & B O dp dp dr dp dp dp dp dp Jdp dp i ik dr dp dp dp Jp dp Jr dp dr Jp dr dr Jr Jr dr O b - & & b & & Jr dr dr B dr Jr Jr dr dr e dr dr Jr Jp dr Jr dr dr e Jr kO & Jr O Jr h B 0k Jr O Jr Jr O Jr dr Or & i Jdp dp Jp dp Jdp e Jdp dp Jp dp dp e dp ol e dp Jdp e Jdp dp Jp dp Jp dp Jp dp Jp Jp Jr Jdp de Jr A Jp b e dr
i iy dr ey e e ey e e e ke b N i e dp e b b dp e i e ke b b ke M R Ak P N N e N N N N e N e N ke
N el el o e N N I e d e a e ae i B ke e dr e e e e e e de e b b Mk R R kT A e de e e el e e e e e e e e e e el e e e e e de e e e de e e de e e b W e dp e e e dp dp e e e e e bl e e dr e e dr e e e g e e dr i i e e e ke de
N e g e N i aaa aara
S g g e a dr d e e e i ke N e g N  a NaE a aa
A iy i iy e ey e e e e e e e e e e ke dr ke i ke ke b b Ak I iy e i e i e A N
Ty e e e e e ey e e e e e e e e e e M M w o e e e e el e g
N N N N N N e N N A N N N N N A N N N N
N el ke kel N N N e N a aa  E  aE a  a EE alaa
e N i x  a a a  a  a  a a a aa a aaa a a aa al araa aara
- N e e i E N ) N g n a  a E  aaEa  a
i . L A a at F aE  aa a aCaa L e e e N N N e e e N N o el ke
* =y iyl e e e e p e e e e e e e e e e b Mk u iy dp ey el e e B By e e e e e e i e b B e a e e e i e e e e e e e e e e e e e e e e e e e e e e U e e e O e e e § oy dp ey iy e dp e e dp e e e e e 0 e e e i e e e ke 0 ey e e e e
i . i iy dp iy iy e e ey e iy e e e e 0 e e 0 b e dr i i de ke kb ke L b ko N e e N e N N N e e N N
& N i aE aE  ak kel e e e N N kg
i . ap iy iyl ey iy i iyl iy e e e e e e g e ke ke i kAo N W e N N T T e
x> wp dp e iy e e e e dp e 0 e e e g e ke e e e e e e b W Mk kN a e dr e el e e BBy dr kb e i e ke e e e e e b e Bk N R kel e e e e e e e e e e e e e e e e e e de e e e e e el e e el e e de & dpodp ey iy dp dp e e O e e e e dpodp 0 e e odp 0 i e gk b b g e e i ik e ek
LA e kN e L N N N aa al aEak al
- e dp ey e e ey e ey e e e e e e e M M u D v e N N Y
ER) A ey el ey e e e e ke e e de e kb ek ke b M kb A ey e i e xR N N e A N N N N N g
& N kel el dr dr 0 dp e dr e dr ke 2 e N N N N R el
i . N iy ey e i e Ay e e e e e ke e e e de e BB AL e e e e e e e el e el e e el U e e e e e de e e el e e el U By e ey dp 0 e ey iy iy e ey e e iy e i e il e e ey ap e e
& L e e e S S o T T e e e S e S T T T T e e S S S A T T o e o Sl T o TRl T Bk dpode dpodede de drde de e be Je Jr Br O br e b o b S e S e S T T A e N T S T T S S e A T I T T S T S S A A B o e T e o e e e e S T T o e S T e Tl Sl Sl S}
L) g o e N ks
» w o dp e dp dp Jdr dp dp e Jdp dp o Jp Jdp dp e dp dp e dp dp Jr B dr e dp dr Jp B dr e B O Jr & b A A am dr dp dp Jp dp dp Jp Jp dp Jp Jp dr Jp Jp o Jp Jp dr Jp dr dr e dr dr O Jr Jr & Jr Jr O & M- & & k& & d dr k O dr Jr & Jr Jr Or b Jr & Jr Jr O b Jr & & h & & Jr & & h & & b & b b & & h & X i Jdp dp Jp dp Jdp e Jdp dp Jp dp Jdp e Jdp dp Jp dp dp Jp dp dp Jp dp dp Jp de dp Jp dp dp Jp dr dp Je dr dr e &
r . N N i e N N N
wodr dr dp dp dp dp dp dp dp dp dp dr dp dp dp de Jp dr dp dr dr de dr e dr dr dr B Jr B Or o dr b b A b Jrodr dp dp dp dp dp dr dr dp e O de dp dp dp dr dr dr de e e dr Jrode Jr o dr b b b b dr b b b b a & S b drode Joodr dr Br - b b bk Jr Jr B b b b b b b b ok & b b b b b b b b b b & & & Sy dp dp dp dp dp dp dp dr dp Jdp dp dp dp dp dp dp dr Jdp dp dr dp dp dp dp dp dp dp de dr dp dp A de de dr de dr
N e e N A N g gt g
o T T e o e ol S S I T b ke o e b o dr b b b b o h b b b b bbb b b e b o M b oA b h A b b b I s b A & dp dp dp dp dp Jpdp Jrodp Jr o dp Jp dp O Jp dp o dp Jr dr br dr bp b o e K dp S o dr b b 4o e b O M N
A iy iy e ey e e e e e e e e i e i e dp ke e ke e b b L o N N N N k)
wodp dr dp B dp dp dp o dp dp dp dp dp dp o dr dp dp o dp B dr e B dr e B dr e dr dr Jr o dr Or Jr b b A & B O dp dp Jp dp dp Jp dp dp Jp Jp dp Jp Jp dr Jp dr dr e Jp dr e dr Jr e Jr dr O Jr Jr Or b k& & ko= & S dr dr O Jr Jr O Jr Jr & Jr Jr & 4 Jr O Jr Jr O Jr - & & h O & Jr & & h b k kh & & h & X i dp dp Jp dp dp Jp dp dp Jp Jdp dp Jp Jdp dp Jp dp dp Jp Jdp dp Jp dp dp Jp dp dp Jp Jp Jr Jdp dp Jr A dr O e 0
N e a  aa a  aa aa  g e I N N N
w o dp dp dp dp dp dp dp dp dp dp dr dr dp Jdp dp dp de dp B dr b de dr e dr dr dr dr dr Or Or Or b b o b oam rodp dp dp dp dp dp dr dr dp dp dp dp de dp de dp b dr de dp dr de dr B dr B de dr de dr Je e b o Jr b B & b dr dr dr dr dr B dr O b Jr b Jr b Or b A & bk e b Jr k o b M b b b b ko b 0k b & & i dp g dp dp dp e dp e dp dp Jdp dp dp dp dp dp dp e dp dp O dp dp dp dp dp de dp dr dp Jdp dp de dp de de de
N e g N g e N e e
e e e ke de i e dr e e e e ke e e e e e el e b b M kM oa I dr dr e e gk oy g e b e i i e e i e e e e e g b e ek m kT ke e e de e el e e e e e e e e e e Gl e e M ke e e b e e e g de e e de e e de W e dp 0 e e dp g e drodr e e g dr e b dr ki de ek d d ok k ke d dr k d ke gk ik ke
N e e N N
e e e e ey e ey e e e e e e e e e e e A M M u I dr dr e e ap ek dp dp ey e e e e e e b AT e e e e e e e e e e e e e e e e e M B A e e e e e M e de e e g A e de q gy ey e dp e eyl e e e ey e O ey e e e ey e e ey e e e e
. N N e I ek Ak e A i e L g N e
" e a T a  a o T o o e a T a a a a  a a  a a a aaa  o a  a w m  a a  w a  a  a  a  a  a  a a  a  a  a a a
- . e e e e e e e i e e g ke e ke g ke ke kA g gk A Mk k. o A dp e e e e e e el e e ke bR e ke e ke e e ke e e e e e e e e e e e e e e e e e e e U ey e e e e A b e ey i e e e e de O ey e e e de e e d e e e de ke ke b ok AL
- o b M oh o b b . ol r FO F ol r o e A r F ol - ol r
tﬂ .q.r.._. "ttt q”#H...”...”#H...”...”....H...H...”.qH.._.”...H.qH.._.H...H.qH.._.”.._.H.qH...H...H.rH...HtH...H...H...H...H...”...H...H...H.r._..._.._.__.._.._.__-“ ...H...”...H...H.q”...”a.n...”..”#”.q”-. H...”.._.“.._.H...”...”.._.H._,.H.._.H...H...H...H...H...H...H...H;H...H#H.rh.bu.__. .._.H.ru_..rHt...tH.rHtHtk.r.._.t...tH.r.._.tHt.._..rH.r....rH.r....r.r.r....rH.r....rH.r....rH.r...tH.rH...HtH...H...H...”...H...”#H.rH.. “.._._...qH.._.H.._.H.q”.._.”.._.H.q”.._.H.._.H.q”.._.”.._.H.._.”...”#H...”...”#H...”...”#H...”...”....H.._.H..H;H...H..”&H;H..ﬂkﬂt....rn.rtr
iy i wdp dp dr e iy e e e e e e p e e ey e Uy e 0y e eyl i e e bk a E O dp e dr ey e ey e e d i e bR T e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e iy dp e e T e e e e 0 e ey e e e e e e e e e e p e g e e e
y & . dp iy ar i iyl ey iy e il e e ey e e g i e ok ke L b a a A A e N e
iy . e dp dp e e dp gk e g e e g e e e dr i e d ki b e sk kA Mk koa N N L N N N M
- L T a a  aak ak ke el S al L N N N N N N N A e kol al al Al
. =y iyl e iy e e ey e e e e e e e e e ey A L L 4 . N N M W iy ar ey e e dp e el e bR e e e e b e e e e e e e e e e e e e e e e e e e e e e e ey Ay e dp e e e ey g e e ey e e ey e e e e e e e ey e e d gk e A
R i dr iy e e ey il iy iyl e e e 0 e e dp 0 e e dp e e Ak kL b . iy iy e iy iy e i W e ey e eyl e i e e ol b b kL e e e e e U e el e e de g e e e U e e de U dp de i e Sy e eyl dp e e o e e e iy e e iy dr e e dp e iy e e e iy iy e i el e eyl e e
LA i aa a  E al a E EaE a a  N EE dr dr e e d e ik L e N R N o I
- dp iy iy iyl ey iyl i iyl iy e ey e ey il i etk b b A i iyl ey e ey e el iy e g e B L e e e e i e e e e dp de e el de e e e U ey de e a0yl dp e e oty p ey dp eyl i iy iy iyl iy iyl i el ety e e
L N N a  a e aa a aE  aE aE ddr d b e d ke ke A e I e e e N N a a a a
i h o aa ar a a aa ak aaE al al i iy e el L N R N e kN
LA drdp U dp e r e e ey e e e e e e el i e o e e e e N e e s
i ”..q.._....._....q.....q_._..........q.....q.._....._....q....q._...........q....q._...........q....q._...._.._1..q....q._,..._......q...._,..._..._.....,....&.........&...&..........4_...._4...&&.rr.r.r...._“.__“. g ke 4 .__......q_...4.._..__......q_....q.._..,_......q...............&....q.......q&...&.......q&...&.r.r.rr...__.._.__“. R A A e M M M M M RN M M M R M M MR M R MR N NN N e e
Ea a iy ap i iy e ey e il e ey e e iy i e ke kL R A . i iy dr iy iy i e Ll e e s
iy . e dp dp dr e e dp gk e de e b g e e e e e i e by e e bk b A M b kN N N e N N N e g
- L ke ak aF aa ak aa al al ar iy e e iy e iy L N N e a a  a a al l aaE ar aa a NEa al
Tita e e a  a  a a a e a e a  a  a  a  a  a a  a a  a a  a  a  a  a  a
I T | w b b b & Nk ik ki ki ki ki ki s s b .J..J..J-.J..J..J-.J..J..J-.J..J.*******.‘*.T.T.T.T.T.T.T.T.T.T.T.T.T.Tb.r.r.rl .T.r.r.r.T.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.rl.r.r.r.rlllll.r.r. - FFFFFFFFEFRFRFFFEFRFEFEFEEFEFEEFEFEFEREEEFEEFEERFEFEFEFEFEFEFEFEEREPREEFEFRFEEREEFREFEFFF
rra ap iy iyl iyl el e e e e e ke i b ke u kA . N N N R R R R R e g Y L I
. aa wdp dp U dp p iy e e e U ey U e e e dp i e e e dp e e e e b oaa Jrodr O e e dr e d kb e e dr g i e ke e ek g he ek b kM kM .
. - ' .........-...........-...........-...........-...........-...........-...........-...........-...........-...........-...r.....r.r.r.r.r.r.r.._h.__ii e e e e e e e e e e e de g de de e e e e e e dr Jr Jr dr dr dr O dr 0r e e Or O Or b B -
B e e e e e e e



U.S. Patent

e

FIG.

Feb. 23, 2016

|1 §-Glucosylated hal

A a-Glucosylated hml

NERL

74 nl

o £

Sheet 2 of 8

AT PR,
BN mmm

mm“““mmu

S
(LA LLLld &
TSR

&
T

8
______________________ N
oo @

&
g ¢
o A /‘
AR “‘““‘\‘ﬂ (Z’,&

SN

RN AN
G e el 4“20

ﬂﬂﬂm

3

N N TN
wyﬂrmﬂﬂm (/\

S %

A
&Wmm

{ IIIIII’”III i
A {7{-:}

.wmrflﬁ&wlkmwm Ve
Sy g

%%
a‘k‘%‘;\‘%‘,\

Y L B ‘“2‘-’4,@
o LS NS oYX ~t o 7
=y et b Y 'ed

o o N o

ALTATLIFNES ALV iSh

US 9,267,117 B2



U.S. Patent Feb. 23, 2016 Sheet 3 of 8 US 9,267,117 B2

T%”BGT FIG » 3
NH»

3-f-b~ghnd 3-f-b-Ny-gal
t4-861 FOLLOWED BY Th-BGAGT

Nﬂz

%r“L*a
)

-

Vs
3-f-2-gN-a-gnl

NHZ

B/Tk N
N”J%T}
HO (} E

(H
5~ﬁ*EwN3mangm€



U.S. Patent Feb. 23, 2016 Sheet 4 of 8 US 9,267,117 B2

FIG. 4
“XCLUSIVE C MAPPING

C Uy fiily
11 i }
| T4-6T,
gr UDP-2-G1cN
C iy 2~ghag

mmﬁimmmmjmmm““im

El ik OB mYOXY, 14-BGY, UOP-Glc

0 il ¢-~ghme

GOSN

Fragmentaiian and avidin

¢

::::::f:;:ﬁ,g;g;ggzzgzggz;a J—

neads pull down

El Ligate with AdapterP

QmC




U.S. Patent Feb. 23, 2016 Sheet 5 of 8 US 9,267,117 B2

FIG. S5A
EXCLUSIVE TC MAPPING

c mc fiily 1y
’ }

Ei T4-86T. UDP-2-Glck

C s i fr
mgmwmmmmm

21 NaBH4, 14-BG1, UDP-bic

C U - ghmg iy

El Abasl

£~ N gime

% -;:ffg::" 7

o LA
r] - i
iiiii
. N T I N o o T N R RN N O T
1 mm " e ‘l-*f'i‘.p‘.p":*' ;
e, A FFFFF S A AT R A R Ap e
J ] d J J . 3 J . J J L F J . J J . J J Ao N gt s S g g g e g g a al O o ]
Tl g B S N
7 R R .
iiiiiiiii
g g L g F F o F ARl sl hmdp rr
iiiiiiiii
= g R P L RO
o FE e N N R O 3
///. iiiiiiiiiii

[ [
- l'.-l- '_-r:r ‘-F:-ll:-r:-i: r F
iiiiiiiii
ttttttttt
iiiiiiiii
iiiiiiiii
iiiiiiiii
iiiiiiii
+++++++++

-
'''''



U.S. Patent Feb. 23, 2016 Sheet 6 of 8 US 9,267,117 B2

14-B6t, UbP-2-blcH

0 Ly 2-GNmE fC
:

i j

El Nabrd, 14-8G1, UDF-6-N3-Glc

0 iy 2-ghme 6-N3-gmp

E% L1gate with Adapter A

A
¢-ghme h-N3-0mp

Adapier A




U.S. Patent Feb. 23, 2016 Sheet 7 of 8 US 9,267,117 B2
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MAPPING CYTOSINE MODIFICATIONS

REFERENCE TO RELATED APPLICATTONS

This application claims the benefit of each of the following
patent applications, each of which are hereby incorporated by
reference 1nto the present application: U.S. 61/611,295, filed
Mar. 15,2012; U.S. Application No. 61/722,968, filed Nov. 6,
2012; U.S. Application No. 61/723,427, filed Nov. 7, 2012;
U.S. Application No. 61/724,041, filed Nov. 8,2012; and U.S.
application Ser. No. 13/804,804, filed Mar. 14, 2013. Also
incorporated by reference 1n their entireties are the following
applications filed on the same day as the present application:
Ser. No. 13/827,087, “Compositions and Methods for Oxy-
genation of Nucleic Acids Containing S-Methylpyrimidine”;
and Ser. No. 13/827,885, “Methods and Compositions for
Discrimination Between Cytosine and Modifications
Thereot, and for Methylome Analysis.”

GOVERNMENT RIGHTS

This mvention was made with government support under
GMO096723 awarded by the National Institutes of Health. The
government has certain rights 1n this mvention.

BACKGROUND

S-hydroxymethylcytosine (5-hmC), 3S-formylcytosine
(5-1C), and 3-carboxycytosine (5-caC) were recently 1denti-
fled 1n mammalian brain and embryonic stem cells as prod-
ucts of the oxidation of S-methylcytosine (5-mC) by cytosine
oxygenases. The biological tunctions of 5-hmC, 5-1C, and
S-caC are not completely understood; however, several lines
of evidence suggest that 5-hmC 1s mvolved 1n epigenetic
regulation and DNA demethylation. Iterative oxidation of
5-hmC by cytosine oxygenase enzymes vields 5-1C and
S-caC which are hypothesized to be intermediates 1n the DNA
demethylation process. Several challenges are associated
with the identification these biologically modified nucleo-
bases 1n genomic DNA samples due to their low abundance
and temporal fluctuation. Mapping and quantifying 5-mC,
S5-hmC, 5-1C, and 5-caC at the DNA level 1s, therefore, impor-
tant for unraveling their role 1n the dynamics of gene expres-
s1on and regulation.

SUMMARY OF THE INVENTION

The present invention provides a variety of reagents, Kits
and methods for selectively altering and identifying modified
nucleotides 1n a nucleic acid such as DNA. The modified
nucleotides that can be identified include, for example, 5-mC,
S5-hmC, 5-1C and 5-caC. The methods, reagents and kits of the
present invention permit not merely the determination that a
modified cytosine residue 1s present, but also permit the dis-
crimination among or between different types of modified
nucleotides, such as 5S-mC and 5-hmC, or between 5-hmC and
5-1C. In this way, the 1nvention can be used to elucidate the
precise state of a modified nucleic acid, which may be a
genome or genome fragment, for example.

In some embodiments, the discrimination among or
between different oxidation states of a nucleotide 1s facili-
tated by alternately glucosylating or glucosaminylating vari-
ous modified nucleotides. The glucosylated or glucosaminy-
lated forms can be distinguished based on their performance
in various assays, such as by their differential sensitivity to
certain restriction endonucleases. In this way, alternately
reacting the nucleic acid with a UDP-GleN (Uridine diphos-
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phate glucosamine or UDP-Glucosamine) substrate and a
UDP-Glc (Undine diphosphate glucose or UDP-Glucose)

substrate, places oif and on switches for endonuclease cleav-
age ol a nucleic acid containing modified nucleotides. By
detecting the presence of cleavage-sensitive sites, the modi-
fied nucleotides can be located and 1dentified.

In the present mvention, the term glucosylation (and any
form of glucosylation such as “glucosylating” or “glucosy-
lated”™) refers to the incorporation of a glucosyl moiety from
UDP-Glc into the 3-hydroxy position of 3-hmC via the action
of a glycosyltransierase to produce 5-gmC (5-glucosyloxym-
cthylcytosine). Other names 1n common use for 5-gmC
include glucosyl-5-hydroxymethyl-cytosine, glucosyl-5-hy-
droxymethylcytosine, glucosyl-oxy-5-methylcytosine,
S-glucosylhydroxymethylcytosine. In the present invention,
the term glucosylation (and any form of glucosylation such as
“olucosylating” or “glucosylated”) may also refer to the

incorporation of an azido modified glucosyl moiety from

UDP-Azido-Glc (for example, UDP-6-Azido-Glc or UDP-6-
N3-Glc) mto the S-hydroxy position of 5-hmC via the action
of a glycosyltransferase to produce a N3-5-gmC (for
example, 6-azide-glucosyl-3-hydroxymethylcytosine or
6-N3gmC). In the present invention, the term glucosaminy-
lation (and any form of glucosaminylation such as *“glu-
cosaminylating” or “glucosaminylated”) refers to the incor-
poration of a glucosaminyl moiety from UDP-GIcN into the
S-hydroxy position of 5-hmC via the action of a glycosyl-
transierase to produce S-gNmC (5-glucosaminyloxymethyl-
cytosine). Other names for S-gNmC 1nclude glucosaminyl-5-
hydroxymethyl-cytosine, glucosaminyl-5-
hydroxymethylcytosine, 5-glucosylhydroxymethylcytosine,
aminoglucosyl-3-hydroxymethyl-cytosine, aminoglucosyl-
S-hydroxymethylcytosine, and 5-aminoglucosylhydroxym-
cthylcytosine. If the glycosyltransierase 1s an mverting gly-
cosyltransierase such as T4 p-glucosyltransferase (BGT or
BGT or beta-GT) the product 1s formed with a beta glycosydic
linkage (for example, 5-3-gmC, 5--6-N3gmC, 35-p-6-
oNmC, and 3-p-2-gNmC). If the glycosyltransierase 1s a
retaining glycosyltransierase such as T4 a-glucosyltrans-
terase (AGT or aGT or alpha-GT) the product 1s formed with
an alpha glycosydic linkage (for example, 5-c-gmC).
Specifically, for example, the invention permits the ditter-
entiation of 3-p-glucosyloxymethylcytosine (5-3-gmC) from
S-p-2-glucosaminyloxymethylcytosine (5-3-2-gNmC) 1n a
nucleic acid, by reacting the nucleic acid with an endonu-
clease capable of cleaving a nucleic acid at a glucosylated

nucleotide but not at an glucosaminylated nucleotide. One
suitable endonuclease 1s AbaSI. Other usetul endonucleases
include AbaAl, AbaCl, AbaDI, AbaTIl, AbaUI, AcaPI, and
Pxyl, or one of the ZZY 7 proteins or 1ts variants described 1n
US Patent Application Publication No. 2012/0301881, the
complete disclosure of which 1s hereby incorporated by ret-
erence. Accordingly, one of these endonucleases, or a
polypeptide at least 70% (e.g. at least 75%, at least 80%, at
least 82%, at least 84%, at least 85%, at least 86%, at least
87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99%, or 100%
identical to one of those endonucleases or an active fragment
thereol) can be used to selectively cleave a target nucleic acid.
By controlling the conversion of glucosylation and glu-
cosaminylation of various forms of naturally occurring modi-
fied nucleotides, the modified nucleotides can be located and
identified in a manner distinguishing their original forms,
such as methylcytosine, hydroxymethylcytosine, formylcy-
tosine, and/or carboxycytosine.
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Accordingly, 1n one aspect the invention provides methods
for selectively altering modified nucleotides in a nucleic acid
containing hydroxymethylated nucleotides and other modi-
fied nucleotides such as, 5-1C or 5-caC. The methods gener-
ally include reacting a first subset of the modified nucleotides
(e.g. 5-hmC) 1n the nucleic acid with UDP-GIcN 1n the pres-
ence of a (3-glycosyltransierase, such as T4-3-glucosyltrans-
ferase, to convert hydroxymethylated nucleotides in the
nucleic acid to glucosaminylated nucleotides.

In some embodiments, the methods include the subsequent
step of reacting the nucleic acid with a reducing agent, such as
NaBH_, and a UDP denivative, such as UDP-Glc or UDP-
azido-glucose, to convert a second subset of nucleotides in the
nucleic acid to glucosylated or azidoglucosylated nucle-
otides. The reducing agent promotes the reduction of a nucle-
otide 1n a higher oxidation state, such as 5-1C or 5-caC, to a
hydroxymethylated nucleotide, which 1s then glucosylated or
azidoglucosylated 1n a reaction typically catalyzed by a gly-
cosyltransierase such as an a.-glycosyltransierase or a 3-gly-
cosyltransierase. The glycosyltransierase may or may not be
the same glycosyltransierase used to catalyze the previous
conversion ol hydroxymethylated nucleotides to glucosami-
nylated nucleotides. The method can optionally differentiate
pre-existing 5-hmC 1n a nucleic acid from newly formed as a
result of the reduction of 35-1C or 5-caC, for example. When a
UDP-azido-glucose such as UDP-6-azido-glucose 1s used,
5-hmC 1n the nucleic acid can be converted to a p-6-azide-
glucosyl-3-hydroxymethylcytosine 1n the presence of a
B-glycosyltransferase; Further dermvatization of the azido
moiety via azide-alkyne Huisgen cycloaddition using a cop-
per(l) catalyst (“click chemistry”) or via copper-iree variants
(for example, using strained cyclooctyne derivatives) can
then optionally be used to label the nucleotide, such as with a
biotin label, permitting the subsequent use of avidin to selec-
tively 1solate the labeled nucleotide.

In other embodiments, following the conversion of
hydroxymethylated nucleotides 1n the nucleic acid to glu-
cosaminylated nucleotides, the nucleic acid 1s reacted with an
oxidizing agent, a UDP-Glc derivative, and a glycosyltrans-
ferase to convert a second subset of modified nucleotides 1n
the nucleic acid to glucosylated nucleotides. Suitable oxidiz-
ing agents include those capable of oxidizing 5S-mCto 5-hmC,
such as mYOXI1, a TET enzyme, or an mnorganic oxidizing,
agent such as KRuQ,. The reaction with UDP-Glc 1s typically
conducted 1n the presence of a glycosyltransierase such as an
a-glycosyltransierase or a [3-glycosyltransierase. These
methods can, for example, differentiate pre-existing 5-hmC
in a nucleic acid from 5-hmC generated from a 5-mC precur-
SOF.

In any of these methods, whether incorporating a reducing,
agent or an oxidizing agent, an endonuclease can be used to
characterize the reaction products. Typically, the endonu-
clease 1s specific for the glucosylated (or azidoglucosylated)
nucleotides, and not for glucosaminylated nucleotides, 1.e.,
the endonuclease has a higher enzymatic activity for a gluco-
sylated or azidoglucosylated nucleic acid that it has for the
same nucleic acid with an glucosaminylated nucleotide at the
same position(s). Endonucleases that may be used include,
for example, AbaSI, AbaAl, AbaCl, AbaDI, AbaTIl, AbaUI,
AcaPl, and/or Pxyl. An adapter molecule can then be llgated
to the cleaved end of the endonuclease reaction product,
facilitating the subsequent purification, amplification or
sequencing of the nucleic acid.

Accordingly, in one embodiment the invention provides a
method for differentiating a 5-mC from 35-hmC 1n a genome
or genome fragment. The genome or genome fragment may,
for example, be mammalian 1 origin, such as a human
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genome or genome fragment. The method includes reacting
the 1solated genome or genome fragment contaiming 5-mC
and 5-hmC with (1) UDP-GIcN 1n the presence of a glycosyl-
transierase catalyzing transfer of glucosamine to the 5-hmC;
(1) oxygenating any existing 5-mC residues to 5-hmC by the
action of TET or mYOX1; (111) reacting the newly created
S-hmC sites with UDP-Glc 1n the presence of a glycosyltrans-
ferase catalyzing transier of glucose to the 5-hmC; (1v) cleav-
ing the glucosylated template with a modification-dependent
endonuclease that recognizes at least one of the modified
nucleotides; and (v) differentiating the original 5-mC from
the S-hmC by an altered cleavage pattern.

In this embodiment, the oxygenation of any existing 5S-mC
residues to 5-hmC can be done 1n the presence of UDP-Glc
and a glycosyltransierase to catalyze the transier of glucose to
S5-hmC as 1t 1s being formed from 5-mC. Alternatively, reac-
tion conditions such as pH of the oxygenation reaction can be
selected to optimize the yield of 5-hmC. See, for example,
Ser. No. 13/827,087, “Compositions and Methods for Oxy-
genation of Nucleic Acids Contaiming S-Methylpyrimidine,”
filed on the same date as the present application and hereby
incorporated by reference 1n its entirety.

In another embodiment, the invention provides a method
for differentiating a 5-mC from one or more of 1ts oxidation
products 1n a genome or genome fragment containing 5-mC
and 5-hmC. The method includes reacting the i1solated
genome or genome fragment with UDP-2-glucosamine in the
presence of a P-glycosyltransierase (BGT) catalyzing the
transter of 2-glucosamine to the 5-hmC; reacting the 1solated
genome or genome Iragment with mYOX1 or TET or a
chemical oxidizing agent and optionally with a reducing
agent; cleaving the template with a modification dependent
endonuclease that 1s capable of selectively cleaving a 5-hmC
and not a 3-glucosaminated hydroxymethylcytosine; and dii-
terentiating the 5-mC from one or more of 1ts oxidation prod-
ucts by an altered cleavage pattern.

The mvention also provides preparations usetul for con-
verting methylcytosine or an oxidized nucleotide, such as
5-1C or 5-caC, or to a glucosylated nucleotide. The prepara-
tions include a reducing agent, such as NaBH,,, or an oxidiz-
ing agent, such as mYOXI1, a TET enzyme, or an 1norganic
oxidizing agent such as KRuO,; a glycosyltransferase, such
as an o.-glycosyltransierase or a P-glycosyltransierase; a
UDP-GIcN or a UDP derivative, such as UDP-Glc or UDP-
azido-glucose.

The mvention also provides preparations useful for modi-
tying and selectively cleaving nucleic acids. The preparations
include a glycosyltransierase and an endonuclease having an
amino acid sequence at least 95% i1dentical to an enzyme such
as AbaSI, AbaAl, AbaCl, AbaDI, AbaTl, AbaUI, AcaPlI, and/
or Pxyl. The preparations also include (a) UDP-Glc and an
oxidizing agent, or (b) UDP-GIcN. Where UDP-GIcN 1s
included, the glycosyltransierase may be a BGT to catalyze
the transter of glucose to hydroxymethylated pyrimidine resi-
dues. Where UDP-GIlc and an oxidizing agent are included,
the oxidizing agent, which may be a methylcytosine oxyge-
nase such as mYOXI1 or a TET enzyme or may be an 1nor-
ganic oxidizing agent such as KRuQO,, promotes the conver-
sion of methylcytosine residues 1n a nucleic acid to
hydroxymethylcytosine, which can be glucosylated by the
combination of UDP-Glc and the glycosyltransierase, and
can be recognized by the endonuclease.

The mmvention also provides kits useful for making these
preparations and practicing these methods. For example, kits
for moditying formylcytosine or carboxycytosine residues 1n
a nucleic acid can include a reducing agent, such as sodium
borohydride, permitting the reduction of formylcytosine or
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carboxycytosine residues to hydroxymethylcytosine; a gly-
cosyltransierase (such as a {3-glycosyltransierase); and a
UDP derivative, such as UDP-Glc and/or UDP-azidoglucose
(such as UDP-6-azidoglucose), permitting the transier of a
sugar or modified sugar to the hydroxymethylcytosine. These
kits may also include an oxidizing agent (e.g., a methylcy-
tosine oxygenase such as mYOX]1 or a TET enzyme or an
inorganic oxidizing agent such as KRuQO,) to promote the
conversion of methylcytosine residues 1n a nucleic acid to
hydroxymethylcytosine; UDP-GIcN; a restriction endonu-
clease (e.g., having an amino acid sequence at least 95%
identical to AbaSI, AbaAl, AbaCl, AbaDI, Aball, AbaUlI,
AcaPl, and/or Pxyl); or any combination of the above.

Kits for selectively modulating the susceptibility of modi-
fied nucleic acid residues to cleavage can include UDP-Glc;
UDP-GIcN; a p-glycosyltransferase; and a reducing (e.g.
sodium borohydride) or oxidizing agent (e.g., a methylcy-
tosine oxygenase such as mYOX]1 or a TET enzyme or an
inorganic oxidizing agent such as KRuQO,).

Kits useful for moditying and selectively cleaving nucleic
acids can include, for example, a glycosyltransierase and an

endonuclease having an amino acid sequence at least 95%
identical to an enzyme such as AbaSI, AbaAl, AbaCl, AbaDl,

AbaTl, AbaUI, AcaPIl, and/or Pxyl. These kits can also
include (a) UDP-Glc and an oxidizing agent, and/or (b) UDP-
GlcN.

Some embodiments of the kits or preparations of the
present invention include an optional nucleic acid, such as a
nucleic acid that 1s to be modified, that 1s undergoing modi-
fication, and/or a control nucleic acid. Accordingly, a nucleic
acid, 1f present, may include 5-hmC, 5-gmC, 5-gNmC, 5-1C,
S-caC, 5-mC, or any combination of the above.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 shows that AbaSI recognizes 5-(p-glucosyloxym-
cthyl)cytosine (3-p-gmC) but not 5-(3-2-glucosaminyloxym-
cthyl)cytosine (5--2-gNmC) with high specificity as com-
pared to 5-mC and C. The different forms of cytosine
modification (panels a-g) were digested by a 10-fold serial
dilution of AbaSI enzyme (lane 1 to lane 7, lane 8 1s undi-
gested control).

FI1G. 2 depicts the relative selectivity of a variety of endo-
nucleases for nucleic acid substrates containing 5-f-gmC
(“P-glucosylated hm(C”), S-a-gmC (“a.-glucosylated hmC™),
S-hydroxymethylcytosine  (“hmC”),  S-methylcytosine
(“mC”), or unmodified cytosine (“C”).

FIG. 3 depicts selected cytosine modifications that can be
achieved through the addition of glucose, modified glucose,
or glucosamine residues by T4-BG'T alone or in combination
with 3-glucosyl-a-glycosyltransierase from bacteriophage
T6 (“T6-BGAGT”).

FI1G. 4 depicts one example of an assay for detecting and/or
mapping 5-mC.

FIG. 5 depicts two examples of assays for detecting and/or
mapping 5-1C. The assay 1n FIG. 5A includes a step involving,
glucosylating hydroxymethylcytosine residues newly-
formed from the reduction of 5-1C. The assay in FIG. 5B
includes a step involving azidoglucosylating hydroxymeth-
ylcytosine residues newly-formed from the reduction of 5-1C.

FIG. 6 depicts an example of an assay for detecting and/or
mapping 5-caC.

FIG. 7 depicts LC-MS analyses of a nucleic acid contain-
ing 5-1C (top trace) and the same nucleic acid after treatment
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with 100 mM sodium borohydride (middle trace) or with
sodium borohydride, UDP-Glc, and T4-BGT (bottom trace).

DETAILED DESCRIPTION OF EMBODIMENTS

Endonucleases have been identified from bacteria and
more will undoubtedly be discovered using routine BLAST
searches based on the present disclosure that are capable of
preferentially cleaving 5-p-gmC compared to C, 5-mC and
5-p-2-gNmC. In one example, the ZZY 7 family members for
example AbaSI (see for example WO 2011/091146), 1soschi-
zomers and mutants thereof preferentially cleave 5-p-gmC
compared to C, 5-mC and 5-3-2-gNmC. For example, AbaSI
has cleavage activity at 5-p-gmC that 1s 500 fold greater than
5-mC and 5-c-gmC. 5-B-gmC 1s the product of BGT medi-
ated transter of glucose from UDP-Glc to 5-hmC.

The specificity of AbaSI 1s demonstrated in the data shown
in FI1G. 1. AbaSI cleaves recognizes nucleic acids containing
certain cytosine modifications, cleaving them a short distance
from those modifications. Ten-fold serial dilutions of AbaSI
were combined with a PCR product containing cytosine (“C,”
panel a), 5S-methylcytosine (“5-mC,” panel B), 5-hydroxym-
cthylcytosine (*“5-hmC,” panel C), 5-(-glucosyloxymethyl)
cytosine (“5-3-gmC,” panel D), 5-(3-2-glucosaminyloxym-
cthyl)cytosine  (*5-(p-2-gNmC,” panel E), 5-(p-6-
glucosaminyloxymethyl)cytosine (*5-3-6-gNmC,” panel F),
or 5-(p-6-azidoglucosyloxymethyl)cytosine (““5-[-6-
N3gmC,” panel G). The PCR products containing 3-p-gmC,
S5-p-2-gNmC, 5-p-6-gNmC, or 35-pB-6-N3gm(C were gener-
ated by treatment of 5-hmC PCR DNA (panel ¢) with T4-3-
glucosyltransierase (BGT) and the corresponding UDP-
sugar (uridine diphospho-glucose (UDP-Glc), UDP-2-
glucosamine (UDP-2-GIcN), UDP-6-glucosamine (UDP-6-
GlcN), and UDP-6-N3-Glc, respectively). The results show
that AbaSI does not digest C and 5-mC even at high concen-
trations (panels a and b) whereas AbaSI can digest 5-3-gmC
even at very low concentrations (panel d). With respect to the
three glucosylated or glucosaminated cytosines, AbaSI can
digest 5--6-gNmC and 35-p-6-N3gmC (panels I and g) more
cificiently than 1t digests 5-hmC (although less efficiently
than 1t digests 5-3-gmC. In contrast, it does not digest 5-[3-2-
gNmC (panel e).

Other endonucleases that differentiate between various
forms of modified cytosine are also available, such as other
/7Y 7 Tamily members described in WO 2011/091146 and
enzymes described in Borgaro et al. (2013) “Characterization
of the 5-hydroxymethylcytosine-specific DNA restriction
endonucleases,” Nucleic Acids Research, do1: 10.1093/nar/
okt102, the entire disclosures of each of which are incorpo-
rated herein by reference. Several endonucleases that dis-
criminate among various cytosine modifications are
described 1n FIG. 2. For example, PvuRts1I cleaves nucleic
acids containing hydroxymethylcytosine or glucosyloxym-
cthylcytosine far more efficiently than 1t cleaves nucleic acids
containing only methylcytosine or unmodified cytosine.
AbaSI, as described 1n the preceding paragraph, cleaves
nucleic acids containing S-p-gmC more efficiently than 1t
cleaves nucleic acids containing 5-hmC, which are neverthe-
less cleaved more efficiently than those nucleic acids contain-
ing only 5-mC or unmodified cytosine. Like AbaSI, AbaAl,
AbaCl, AbaDI, AbaTlI, AbaUl, AcaPI, and Pxyl all demon-
strate increased specificity for nucleic acids containing 3--
om(C compared to nucleic acids containing only 3-hmC.
Accordingly, for any of these enzymes [3-glucosylation of
hydroxymethylcytosine can be used as an “on switch” to
promote cleavage near those positions, whereas [3-glucosyla-
tion could be used as an “off switch” for enzymes such as
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PvuRts1I, AbaBGI, BbiDI, BmeDI, or PatTI. On the other
hand, a-glucosylation of 5-hmC generates a more efficient
substrate for PvuRts1I, and could be used as an ““on switch” to
target cleavage events to those locations 1n a nucleic acid.

It 1s expected that the use of endonucleases with pretferen-
tial specificity for a specific modified nucleotide over other
modified and unmodified nucleotides can be detected using,
the method described herein for 5-mC, 5-hmC, 5-1C, and
S-caC. In combination with the cofactor UDP-Glc, this sys-
tem enables sequencing different epigenetic states of 5-mC
and greatly enhances the ability to determine the epigenetic
modification at a single base resolution level.

An embodiment of the method relies on modifying the
non-target modified base (for example, 5-hmC) chemically
and/or enzymatically 1n such a way that its reactivity to a
endonuclease 1s completely or partially blocked, and then
chemically or enzymatically reacting the target modified base
to convert it into a newly formed 5-hmC (e.g., with a reducing,
or oxidant agent) which can be then be reacted with a glyco-
syltransierase to form S-gmC which in turn can be cleaved by
an endonuclease that recognizes 5-gmC preferentially 1n a
positive 1dentification.

By the appropriate choice of the substrate for modifying
the non-target and target modified bases, this invention pro-
vides an on-oif switch assay which 1s determined by enzyme
specificity. For example, 1f 1n the first step UDP-2- GlcN 1S
used to label pre-existing S-hmC sites (resulting in an off-
signal for AbaSI cleavage), and 1n the second step the sample
1s treated with a methylpyrimidine oxygenase (mYOX), BGT
and UDP-Glc, an “on-signal” for AbaSI cleavage will be
generated exclusively for 5-mC sites which underwent oxi-
dation by mYOX. If UDP-GlIc 1s used to label pre-existing
S-hmC sites (on-signal for AbaSI cleavage), and the sample 1s
treated with an mYOX, BGT and UDP-2-GIcN, then an “ofl-
signal” will be generated for all 5-mC sites which were con-
verted into 5-hmC by mYOX-mediated oxidation.

The 5-mC may be chemically or enzymatically converted
to 5-hmC by reacting the 5-mC with mYOX1 (see for

example, “nMCO1” described 1n U.S. Provisional Applica-
tion No. 61/723,427), TET enzymes or chemical oxidizing

agents. Similarly, oxidation of 5-mC to 5-hmC to 5-ic to
5-CaC can be achieved by chemical or enzymatic oxidation
using mYOX1 or TET. Specific chemical oxidation of 5-hmC
0 5-1C 1n synthetic nucleotide oligomer single strand (ss-
DNA) containing 3-hmC can be achieved with potassium
perruthenate, KRuO4 (Booth, et al. Science, 336:934-937
(2012)). KRuO4 can oxidize 5-hmC 1n double-stranded DNA
(dsDNA), with an 1nitial denaturing step before the addition
of the oxidant, resulting in quantitative conversion of S-hmC
to 5-1C. Other oxidants known 1n art, such as Osmium (VIII)-
based oxidants, Cerium (IV)-based oxidants, and Chromium
(VI)-based oxidants may be used for the oxidation of 5-hmC
to 5-1C.

A variety of sugars and modified sugars can be used to after
the propensity of a S-hmC to trigger an endonuclease-medi-
ated cleavage event. Some of these sugars and modified sug-
ars are depicted 1n FIG. 3. For example, T4-BGT can be used
to add glucose, 2-glucosamine, 6-glucosamine, or 6-azido-
glucose to S-hmC. T4-BGT can also be used 1n combination
with a (-glucosyl-a-glycosyltransierase, such as the one
from bacteriophage T6, to generate disaccharidyl cytosine
modifications as shown in FIG. 3. By controlling the modifi-
cations made to a particular nucleobase, the properties of that
nucleobase can be changed 1n a manner facilitating 1ts dis-
crimination, whether through changes 1n 1ts reactivity with an
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endonuclease; changes in the kinetics of synthesis of a
complementary nucleic acid; or directly measured changes 1n
s1ze, shape, or charge density.

The reduction of 5-1C and 1ts conversion to S-p-gmC was
demonstrated 1n the experiment depicted 1 FIG. 7. Specifi-
cally, F1G. 7 1s an LC-MS analysis of a nucleic acid originally

including 3-1C (top trace). In the presence of sodium borohy-

dride (NaBH,), the 31C 1s converted to 5-hmC (middle trace).
When UDP-Glc and a BGT such as T4-BGT were also pro-
vided, the 5-1C was converted all the way to 5--gmC, con-
firming that the modified forms of cytosine can be intercon-
verted, facilitating theiwr subsequent detection and
discrimination.

In one embodiment the method comprises one or more of

the following steps;

(a) Genomic DNA 1s treated with BGT and UDP-2-GIcN,
so that all 5-hmC residues are converted to 5-3-2-gNmC.

(b) (1) The resulting DNA 1s treated with mYOXI1, a Tet
enzyme or a chemical oxidant agent (converts 5-mC to
5-hmC), BGT and UDP-Glc, so that all existing 5-mC
residues are converted to 5-3-gmC; or
(11) The resulting DNA 1s treated with a reducing agent

(e.g., NaBH4, converts 5-1C to 5-hmC), BGT and
UDP-GIc to generate 3-3-gmC; or

(111) The resulting DNA 1s treated with a reducing agent
(e.g., NaBH4, converts 5-1C to 5-hmC), BGT and
UDP-2-GlIcN, so that all 5-1C residues are converted
to 5-B-2-gNmC. Then, the resulting DNA 1s treated
with a second reducing agent (a different reducing
agent or the same reducing agent but in the presence
of certain additives that converts 5-caC to 5-hmC),
BGT, and UDP-Glc to generate 5-3-gmC.

(¢) (1) The DNA 1s digested with a 3-p-gmC-dependent
endonuclease such as AbaSI, which cleaved at a fixed
distance from 5-3-gmC and left a sticky end (2-base
3'-overhang). Since the endonuclease does not recog-
nmize C or 5-p-2-gNmC no cleavage associated with these
sites occurs. The only sticky ends created are those
resulting from 5-3-gmC residues, which in turn are
exclusively associated to 5-mC sites; or
(11) The DNA 1s digested with endonuclease, which

cleaves 5-p-gmC exclusively associated to 5-1Cs
sites, but not 5--2-gNmC,

(11) the DNA 1s digested with endonuclease, which
cleaves 5-3-gmC exclusively associated to CaC sites,
butnot 5--2-gNmC, 5-mC, or C, leaving a sticky end
(2-base 3'-overhang).

(d) A first adaptor (e.g., biotinylated adaptor A) 1s then
ligated onto the cleaved ends.

(¢) The ligated DNA 1s then subjected to random fragmen-
tation to about 200 bp.

(1) Beads may be used to pull out the fragments with the
ligated adaptor. For example, avidin beads may be used
to pull out the biotin labeled adaptor (adaptor A). A
person of ordinary skill in the art will recognize other
alfinity systems and immobilization matrices thatcan be
used 1n place of biotin/avidin beads.

(g) Atter polishing the ends, adaptor P 1s then ligated onto
the DNA fragments on the beads.

(h) The adaptor-specific PCR and the adapter ligated DNA
enters the library preparation pipeline for specific
sequencing platform where the end-sequencing 1s done
from the adaptor A.

Reducing agents and conditions can be used herein that can

convert the carboxylic acids into alcohols, e.g., NaBH,,
CoCl,, 1-Pr,NH, EtOH/H,O (Jagdale, et al. Synthesis, 660-

664 (2009)): EDC, HOBt, NaBH,. THF/H.O (Morales-
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Serna, et al. Synthesis, 1375-1382 (2011)); and cyanuric chlo-
ride, NaBH,, NMM/H,O (Falorni, et al. Tetrahedron Lett.,
4395-4396 (1999)) as well as other reducing agents known to
a person of ordinary skilled 1n the art.

Indeed, many water-soluble metal or metalloid hydrides
are able to reduce aldehydes and/or carboxylic acids to alco-
hols. Examples of such reducing agents are sodium borohy-
dride and related compounds where from 1 to 3 of the hydro-
gens are replaced by other moieties, such as cyano and alkoxy
containing up to about 5 carbon atoms. Examples of substi-
tuted borohydrides, all of which are sodium, potassium, or

lithium salts, include cyanoborohydride, dicyanoborohy-

dride, methoxyborohydride, dimethoxyborohydride, tri-
methoxyborohydride, ethoxyborohydride, diethoxyborohy-
dride, triethoxyborohydride, propoxyborohydride,

dipropoxyborohydride, tripropoxyborohydride, butoxyboro-
hydride, dibutoxyborohydride, tributoxyborohydride, and so
forth. Examples of other water-soluble metal hydndes
include lithium borohydride, potasstum borohydride, zinc
borohydride, aluminum borohydride, zircontum borohy-
dride, berylllum borohydride, and sodium bis(2-methoxy-
cthoxy)aluminmium hydride. Sodium borohydride can also be
used 1n combination with a metal halide, such as cobalt(1l),
nickel(I1l), copper(I1l), zinc(1l), cadmium (II), calcium (II),
magnesium(Il), aluminum(III), titanium (IV), hatmum(IV),
or rhodium(III), each of which can be provided as a chloride,
bromide, 10dide, or fluoride salt. Alternatively, sodium boro-
hydride can be used in combination with 10dine, bromine,
boron trifluoride diethyl etherate, trifluoroacetic acid, cat-
echol-trifluoroacetic acid, sulturic acid, or diglyme. Particu-
lar reducing strategies include the combination of potassium
borohydride with lithium chloride, zinc chloride, magnesium
chloride, or hatnium chloride; or the combination of lithium
borohydride and chlorotrimethylsilane. Other reducing strat-
egies include the use of borane, borane dimethyl sulfide com-
plex, borane tetrahydrofuran complex, borane-ammoma
complex, borane morpholine complex, borane dimethy-
lamine complex, borane trimethylamine complex, borane
N,N-dusopropylethylamine complex, borane pyridine com-
plex, 2-picoline borane complex, borane 4-methylmorpho-
line complex, borane tert-butylamine complex, borane triph-
enylphosphine  complex, borane N,N-diethylaniline
complex, borane di(tert-butyl)phosphine complex, borane
diphenylphosphine complex, borane ethylenediamine com-
plex, or lithtum ammonia borane. Alternative reducing strat-
egies include the reduction of carboxylic acids via the forma-
tion of  hydroxybenzotriazole  esters, carboxy
methyleniminium chlorides, carbonates, O-acylisoureas,
acyl fluorides, cyanurates, mixed anhydrnides, arylboronic
anhydrides, acyl imidazolide, acyl azides, or N-acyl benzot-
riazoles, followed by reaction with sodium borohydnide to
give the corresponding alcohols.

In one embodiment, 5-hmC sequencing can use BGT and
UDP-Glc to generate AbaSI-active 5-3-gmC sites, and T4-a.-
glucosyltransierase (AGT) and UDP-Glc to generate AbaSI-
mactive 5-o-gmC sites as a negative control. In another
embodiment, 5S-hmC sequencing can use BGT and UDP-Glc
to generate the AbaSI-active 5-3-gmC sites, and BGT and
UDP-2-GlcN to generate AbaSI-mnactive 5-f3-2-gNmC as a
negative control for 5-hmC.

In one embodiment, newly generated 5-hmC sites can be
differentiated from pre-existing 5-hmC sites by sequentially
transferring distinct sugar moieties from UDP-2-GIcN or
native UDP-Glc using BGT.

In a further embodiment of the invention, UDP-Glc modi-
fied by any of keto, thiol, chloro, fluoro, bromo, 10do, nitro,
boron, and other substituents may be transferred onto 5-hmC
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using BG'T and may block AbaSI activity. Keto, thiol, chloro,
fluoro, bromo, 10do, nitro, boron, and other substituents
moditying glucose containing 5-hmC residues 1 a nucleic
acid may facilitate cytosine modification mapping and inhibat
AbaSI cleavage.

All references cited herein are imcorporated by reference.

EXAMPLES

Example 1
Mapping of 5-hmC 1n a Nucleic Acid Sequence

The locations of 5-hmC 1n a nucleic acid sample can be
determined using differential cleavage.

A BGT can transter glucose (“Glc”) from UDP-Glc to
5-hmC to form the glucoylated residue 5--2-gmC. Glucosy-
lation enhances the sensitivity of the nucleic acid to a gluco-
sylation-sensitive restriction enzyme such as AbaSlI (see FIG.
2). Accordingly, the identification of 5-hmC sites 1n a sample
can be facilitating by glucosylating the nucleic acid, followed
by 1identifying the locations of AbaSI cleavage sites.

Example 2
Exclusive 5-mC Methylome Mapping,

An exemplary process for mapping 5-mC residues 1n a
nucleic acid 1s depicted in FIG. 4.

As shown 1n FIG. 4, genomic DNA 1s treated with a BGT
and UDP-2-glucosamine, converting 5-hmC residues to 5-3-
2-gNmC. The resulting DNA 1is treated with a methylpyrimi-
dine oxygenase from Neisseria (mYOX1), TET or a chemical
oxidizing agent, BGT and UDP-Glc, converting existing
5-mC residues to 5-p-gmC. The DNA 1s digested with a
S>-p-gmC-dependent restriction enzyme, such as AbaSlI,
cleaving at a fixed distance from 5-$-gmC and leaving a
sticky end (2-base 3'-overhang). Since AbaSI does not recog-
nize C or 5-3-2-gNmC, the only sticky ends created are those
resulting from 5-3-gmC residues, which 1n turn are exclu-
stvely associated to 5-mC sites. A biotinylated adaptor A 1s
then ligated onto the cleaved ends. The ligated DNA 1s then
subjected to random fragmentation to an average size of about
200 bp. Avidin beads are used to pull out the fragments with
the ligated adaptor A. After polishing the ends, adaptor P 1s
then ligated onto the DNA fragments on the beads The adap-
tor-specific PCR and the adapter ligated DNA enters the
library preparation pipeline for specific sequencing platiorm
where the end-sequencing 1s done from the adaptor A.

Bioinformatic analysis of the sequencing reads 1s facili-
tated by the presence of adapter A which marks the enzyme
cleavage sites. After mapping the read back to the reference
genome, the modified cytosine can be mapped at fixed dis-
tance away from the cleavage sites.

Example 3
Exclusive 5-1C and/or 5-caC Mapping

Exemplary processes for identifying 5-1C or 5-caC resi-
dues 1n a nucleic acid are depicted 1in FIGS. SA and 5B.

Example 3A
Glucosamination

As shown 1n FIG. SA, a BGT can be used to catalyze the
addition of 2-glucosamine from UDP-2-GlcN to a 5-hmC
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residue, converting those residues to 5--2-gNmC. A reduc-
ing agent such as NaBH, (optionally 1n the presence of addi-

tives), can be used to reduce 5-1C and/or 5-caC to 5-hmC. The
newly formed 5-hmC when combined with BGT and UDP-
Glc can be subsequently converted to 5-f3-gmC.

As described 1 Example 2, the DNA 1s digested with a
S-p-gmC-dependent restriction enzyme, such as AbaSlI,
cleaving at a fixed distance from 5-$-gmC and leaving a
sticky end (2-base 3'-overhang). Since AbaSI does not recog-
nize C or 5-f3-2-gNmC, the only sticky ends created are those
resulting from 5-3-gmC residues, which 1n turn are exclu-
stvely associated to 5-1C and/or 5-caC sites. A biotinylated
adaptor A 1s then ligated onto the cleaved ends. The ligated
DNA 1s then subjected to random fragmentation to an average
s1ze of about 200 bp. Avidin beads are used to pull out the
fragments with the ligated adaptor A. After polishing the
ends, adaptor P 1s then ligated onto the DNA fragments on the
beads. The adaptor-specific PCR and the adapter ligated DN
enters the library preparation pipeline for specific sequencing
platform where the end-sequencing 1s done from the adaptor
A.

Bioinformatic analysis of the sequencing reads 1s facili-
tated by the presence of adapter A which marks the enzyme
cleavage sites. After mapping the read back to the reference
genome, the modified cytosine can be mapped at fixed dis-
tance away from the cleavage sites.

Example 3B
6-Azido-Glucose

Another exemplary process for mapping the locations of
5-1C and/or 5-caC 1s shown 1n FI1G. 5B. The process depicted

in FI1G. 5B, like the process depicted in FIG. SA, begins with
the addition of 2-glucosamine from UDP-2-GIcN to a 5-hmC

residue, converting those residues to 5-3-2-gNmC 1n a reac-
tion catalyzed by a BGT, and the subsequent reduction of 5-1C

and/or 5-caC residues to newly-generated 5-hmC residues. In
the method depicted in FIG. 5B, UDP-6-azido-glucose

SEQUENCE LISTING

<l60> NUMBER OF SEQ ID NOS: 14
<210> SEQ ID NO 1

<211> LENGTH: 351

«<212> TYPE: PRT

<213> ORGANISM: Bacteriophage T4

<400> SEQUENCE: 1
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(UDP-6-N3-Glc) 1s added to those newly-generated 5-hmC
residues by a BGT. The DNA 1s digested with a 3-p-gmC-
dependent restriction enzyme, such as AbaSI, cleaving at a
fixed distance from 5-3-gmC and leaving a sticky end (2-base
3'-overhang). Since AbaSI does not recognize C or 3-p-2-
gNmC, the only sticky ends created are those resulting from
the azidoglucosylated residues, which 1n turn are exclusively
associated to 5-1C and/or 5-caC sites.

The sticky ends are ligated to an adapter A. The resulting,
DNA 1s fragmented and ligated to a second adapter P1. The
azido moiety can derivatized with a biotin label via azide-
alkyne Huisgen cycloaddition using a copper(l) catalyst
(“‘click chemistry™) or via copper-iree variants (for example,
using strained cyclooctyne derivatives) and avidin beads can
then be used to selectively purily the fragments containing the
azidoglucosylated residues.

Example 4

Exclusive 5-caC Mapping,

An exemplary process for mapping the locations of 5-caC
in a nucleic acid sample 1s provided 1n FIG. 6.

As shownin FIG. 6, genomic DNA 1s treated with BGT and
UDP-2-GIcN, so that substantially all 5-hmC residues are
converted to 5-3-2-gNmC. The resulting DNA 1s treated with
a reducing agent (e.g., NaBH4, converts 35-1C to 5-hmC),
BGT and UDP-2-GlIcN, so that all 5-{C residues are converted
to 5-B-2-gNmC. Then, the resulting DNA 1s treated with a
second reducing agent (a different reducing agent or the same
reducing agent but 1n the presence of certain additives con-
verts S-caC to 5-hmC), BGT, and UDP-GIc to generate 5-[3-
omC. The DNA 1s digested with a restriction endonuclease
such as AbaSI, which cleaves 5--gmC exclusively associ-
ated to 5-caC sites but not 3-p-2-gNmC, 5-mC or C to leave a
sticky end (2-base 3'-overhang). These sites are then 1denti-
fied through ligation to a biotinylated adapter, fragmentation
and purification using avidin-associated beads, ligation and
analysis as described 1n Example 2.
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215

Met

Gly

Leu

Glu

Lys

295

Glu

Glu

Ser

Arg

Glu

375

Phe

Val

2la

ATy

AT

200

ASP

Glu

Tle

Ala

Met

280

Leu

Leu

Agh

Gly

Ile
260

Tle

Glu

Pro

Ser

185

Trp

Phe

Gly

Pro

Pro

265

Leu

Agn

Gly

Leu

Tle

345

Ala

Glu

Phe

Trp

Thr

170

Thr

Ile

His

Leu

Tyr

250

Agn

Glu

Gln

2la

Lys

330

Tle

Glu

Gln

Acinetobacter baumannii

Leu

Ser

Tle

Met

85

Gln

Ser

AsSn

AsSn

Agn

Hisg

70

Glu

Thr

Ser

Asp

Lys

55

Tle

Glu

ASP

ATy

Phe
40

Glu

Ser

Ser

Leu

Tyr

25

Thr

Tle

Val

Leu

ASDP
105

Thr
10

Glu

Leu

2la

ASp

Agn

S0

2la

sSer
Tyr
155

Val

Gly

Glu

Glu

235

Glu

Gln

ATrg

Cys

315

Phe

Trp

Leu

Glu

Phe
395

ASpP

Ala

Leu

Glu
75

Gln

Met

-continued

Hig Ser Asp Asn

140

Pro

Tvyr

Trp

ATy

Lys

220

ATYJ

Tvr

Pro

Met

Tvyr

300

Gly

ATrg

Phe

Ser

Phe
280

ASpP

Phe

Thr

60

Gly

ITle

ATYg

Glu

AsSn

Thr
205
Phe

Ser

Ala
Ser
285

Leu

Thr

Val

Asp

Ser
365

Leu

Tle

Val

Val

Val

45

Asp

His

Asp

Glu

Thr

Phe

ASP

190

Thr

Leu

Pro

Gly

Gln

270

Gln

Ile

ASP

Glu

350

ASP

Tle

Tle

Val
20

Thr

Leu

His

Glu

Glu
110

Val
Gln
175

Val

Thr

ala

Agn

255

Tle

Ser

Arg

Pro

AgSh

335

Agn

Arg

Gln

Thr

Arg
15

Ser

Gln

Phe

Pro
o5

ASpP

US 9,267,117 B2

Gly

Ser

160

Pro

Ser

Trp

Pro

Phe

240

Leu

Gly

Ser

Val

320

Thr

ASDP

2la

His

Lys
400

Gln

ATrg

Gln

Phe

Leu
80

Leu

Tle

16



ITle

Gln

Lys

145

Ser

Thr

Gln

Phe

225

ASpP

Ala

Gly

Lys

305

Cys

Ser

Glu

130

Ile

Thr

Tle

Thr

Arg

210

Pro

Gly

Arg

Leu
290

Arg

Ile

115

Gly

Ile

Phe

ASP

Lys

195

Gly

Leu

Leu

Val
275

Val

Thr

Gln

Glu

Leu

180

ASP

Gly

Leu

Thr

Glu

260

Glu

Gly

Pro

Glu

Glu

165

Gly

Val

2la

Ile
245

Glu

Asp

Phe

<210> SEQ ID NO 4

<211> LENGTH:

<212> TYPERE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Phe Ser Ser

1

Thr

Leu

Leu

Gly
65

Ser

Thr

Gln

Glu
145

Lys

Leu

Ser

50

Ile

Met

His

Gly

Pro
130

Agn

Agn

35

Agn

Hig

Glu

Thr

His
115

Gln

Tle

Lys
20
ASDP

Lys

Ile

Glu
100

Agn

318

Hig

Gln

ITle

150

Trp

ATrg

Leu

Glu

230

Thr

Trp

AsSn

Gln

Glu
310

17

Asn
135
Asnh
Tle
Asn
Hisg
215

Asn

Glu

Leu

Lys
295

Val

Ile

120

Leu

Thr

Tle

Ser

Cys

200

Pro

Agn
Ser
280

Ala

Gln

Phe

Glu

Ala

Glu

Leu

185

Phe

ASP

Ser

Gly

265

Ser

ASP

Thr

ATrg

Agn

Thr
170
2la

Gly

Trp

Thr

250

Pro

Arg

Leu

Acinetobacter baumannii

AsSp

Arg

Phe

Glu

Ser
85

Ser

Tle

Leu

Thr

Leu

Thr

Tle

Val

70

Leu

ASpP

Phe

Glu

Ala
150

Thr

Glu

Leu

Ala
55

Asp

Asn

bAla

Arg

Ser
135

ASP

2la

Lys

40

Leu

Glu

Gln

Met

Val

120

Ile

Agn

Tyr
25
Phe

Thr

Glu

Ile

Arg

105

Agn

Hig

Val

10

Val

Val

ASp

Hisg

ASpP

S0

Glu

Val

Gln

Leu

Val

ITle

Agnhn

155

Glu

ASpP

Ile
235
ASpP

Gln

Ala

Ser
315

ITle

Val

Thr

Leu

His

75

Glu

Glu

Phe

Gln

Tle
155

-continued

AsSn

Hig
140

AsSn

Ser

ASD

220

Asn

Glu

Met
ASDP
300

Pro

AYg

Ser

Gln

Tyr

60

Phe

Pro

ASD

ITle
140

Glu

Val

125

Gln

Leu

Agh

Val

Tvr

205

Thr

Thr

Thr

Arg

Tvyr

285

Gly

Gln

Arg

Gln

45

Phe

Leu

Leu

Tle

AsSn
125

Asp

Ala

Phe

Gln

Ile

Pro

Val

120

Leu

Ile

Ile

Tle

270

ATrg

Ala

Glu

Leu

Ile

30

Phe

Pro

ATg

Tle
110

Gln

Ser

Lys

Tle

Glu

Gln

175

Leu

Agn

Tle

Ser

Thr

255

Val

Phe

Val

Thr

Gly
15

Ile

Val

Gln

Agn

Ser

S5

Ser

Glu

Ile

Thr

US 9,267,117 B2

Agn

ASp

2la

160

Thr

Trp

Pro

240

Leu

Phe

Met

Trp

Lys
320

Arg

His

Arg

Leu

Ser
80

Ile

Tle

Gly

Ile

Phe
160

18



Leu

ASP

Gly

Leu

225

Thr

Glu

Glu

Glu
305

Glu

Gly

Val

Ala

210

Ile

Glu

ASpP

Phe
290

Trp

Arg

Cys

195

Leu

Glu

Thr

Trp

Agn

275

Gln

Glu

Agn

Tle

180

Agn

His

Agn

Glu

Lys

260

Leu

Val

Ile
165

Ser

Pro

Lys

245

Asn

Ser

Ala

Gln

<210> SEQ ID NO b5

<211> LENGTH:

<212> TYPR:
<2123> ORGANISM: Acinetobacter baumannii

PRT

<400> SEQUENCE:

Met Phe Ser Ser

1

Thr

Leu

Leu

Gly
65

Ser

Thr

Gln

Glu

145

Leu

ASpP

Gly

Lys

Leu

Ser

50

Ile

Met

Gln

Gly

Pro
130

Glu

Glu

Gly

Val

2la

Agn

Agn

35

Agn

Hig

Glu

Thr

His

115

Gln

Tle

Trp

ATrg

Cys

195

Leu

Lys
20
ASDP

Lys

Ile

Glu
100

Agn

Agn

Ile
180

Agnh

His

318

5

Phe

Glu

Ser

85

Ser

ITle

Leu

Thr

Tle

165

Ser

Pro

Glu

Leu

Phe

ASpP

230

Ser

Gly

Ser

ASP

Thr
310

Leu

Thr

Tle

Val

70

Leu

ASpP

Phe

Glu

Ala
150

Glu

Leu

Phe

19

Thr
Ala
Gly
Glu
215
Trp
Thr
Pro

Arg

Leu
295

Thr
Glu
Leu
Ala
55

Asp
Asn
Ala

Arg

Ser
135

Thr

Ala

Gly

Glu

Glu

ASDP

Tyr

200

Phe

ASP

Gln

2la

280

Ser

ASP

2la

Lys

40

Leu

Glu

Gln

Met

Val

120

Tle

Agh

Glu

ASP

Tyr
200

Agn

185

Agn

ASP

Agn

Glu

Lys

265

Met

ASP

Pro

Tyr

25

Phe

Thr

Gly

Tle

ATrg

105

AgSh

His

Agn
185

AgSh

ASDP

Agn
170

Val

Thr

Thr

2la

250

Arg

Val

10

Val

Val

ASp

Hisg

ASp

90

Glu

Val

Gln

Leu

Agn

170

Val

Thr

Pro

Val

Leu

ITle

235

Ile

Tle

ATYg

Ala

Glu
315

ITle

Val

Thr

Leu

His

75

Glu

Glu

Phe

Gln

Ile
155

Pro

Val

Leu

-continued

Gln

Leu

Asn

Tle

220

Ser

Thr

Val

Phe

Val

300

Thr

AYg

Ser

Gln

Tyr

60

Phe

Pro

ASpP

Tle
140

Glu

Gln

Leu

Agnh

Tle

Thr

Tvyr

205

Trp

Pro

Leu

Phe

Met

285

Trp

Gln

Arg

Gln

45

Phe

Leu

Leu

Tle

Agh

125

Asp

Ala

Thr

Tyr
205

Trp

Tyzr
Thr
190

Gln

Phe

ASP

Ala
270

Gly

Leu

Ile

30

Phe

Pro

ATg

Tle
110

Gln

Ser

Thr
190

Gln

Phe

Ile

175

Thr

ATrg

Pro

Gly

Lys

255

Arg

Leu

Arg

Gly

15

Ile

Val

Gln

Agn

Ser

o5

Ser

Glu

Tle

Thr

Tle

175

Thr

Arg

Pro

US 9,267,117 B2

ASpP

Leu
240

Leu

Val

Val

His

Arg

Leu

Ser

80

Tle

Tle

Gly

Tle

Phe
160

ASDP

Gly

Arg

20



Leu
225
Thr

Glu

Glu

Lys
305

210

Ile

Glu

ASpP

Phe

290

Cys

Glu

Thr

Trp

Agn

275

Gln

Glu

Agn

Glu

Lys

260

Leu

Val

Lys

245

Agh

Ser

Ala

Gln

<210> SEQ ID NO o

<211> LENGTH:

<212> TYPE:
<2123> ORGANISM: Acinetobacter baumannii

PRT

<400> SEQUENCE:

Met Phe Ser Ser

1

Thr

Leu

Leu

Gly

65

Ser

Thr

Gln

Glu

145

Leu

ASP

Gly

Leu

225

Thr

Glu

Lys

Leu

Ser

50

Ile

Met

His

Gly

Pro

130

Glu

Glu

Gly

Val

2la

210

Ile

Glu

Agn

AgSh

35

Agn

Hig

Glu

Thr

His

115

Gln

Ile

Trp

ATrg

Cys

195

Leu

Glu

Thr

Trp

Lys
20

ASP

Ile

Glu
100

Agn

Agnh

Tle
180

Agn

His

Agn

Glu

Lys
260

318

6

AsSp
5
Arg

Phe

Glu

Ser
85

Ser

ITle

Leu

Thr

ITle

165

Ser

Pro

Lys
245

Asn

ASpP

230

Ser

Gly

Ser

ASP

Thr
310

Leu

Thr

Tle

Val

70

Leu

ASpP

Phe

Glu

Ala

150

Glu

Leu

Phe

ASpP
230

Ser

Gly

21

215

Trp
Thr
Pro
Arg

Leu
295

Thr
Glu

Leu

Ala
55

Asp
Asn
Ala
Arg
Ser
135
Thr

Ala

Gly
Lys
215
Trp

Thr

Pro

Tle

ASP

Gln

Ala

280

Ser

ASP

Thr

Lys

40

Leu

Glu

Gln

Met

Val

120

Tle

Agn

Glu

ASP

Tyr
200

Tle

ASP

Gln

Agn

Glu

Lys

265

Met

ASP

Pro

Tyr

25

Phe

Thr

Glu

Tle

ATrg

105

AgSh

His

ASn
185

Agn

ASDP

Agn

Glu

Lys
265

Thr

Thr
250

Val

10

Val

Val

ASp

Hisg

ASp

90

Glu

Val

Gln

Leu

AgSh

170

Val

Thr

Thr

Thr
250

ITle

235

Ile

Ile

ATrg

Ala

Glu
315

ITle

Val

Thr

Leu

His

75

Glu

Glu

Phe

Gln

Ile

155

Pro

Val

Leu

ITle
235

Ile

Tle

-continued

220

Ser

Thr

Val

Phe

Val

300

Thr

AYg

Ser

Gln

Tyr

60

Phe

Pro

ASpP

Tle

140

Glu

Gln

Leu

AsSn

Tle
220

Ser

Thr

Val

Pro

Leu

Phe

Met

285

Trp

Gln

Arg

Gln

45

Phe

Leu

Leu

Tle

Agh

125

Asp

Ala

Thr

Tvr

205

Trp

Pro

Leu

Phe

ASP

Ala
270

Gly

Leu

Ile

30

Phe

Pro

ATg

Tle
110

Gln

Ser

Thr
190

Gln

Phe

ASP

Ala
270

Gly

Lys

255

Arg

Leu

ATy

Gly

15

Ile

Val

Gln

Agn

Ser

o5

Ser

Glu

Tle

Thr

Tle

175

Thr

ATrg

Pro

Gly

Lys

255

Arg

US 9,267,117 B2

Leu
240

Leu

Val

Val

Arg

His

Arg

Leu

Ser

80

Tle

Tle

Gly

Tle

Phe

160

ASp

Gly

Arg

Leu

240

Leu

Val

22



Lys

Glu

Glu
305

<210>
<211>
<212>
<213>

<400>

ASpP

Phe
290

Cys

Agn
275

Gln

Glu

Ile Cys Arg

1
Hig

Glu

Thr

His

65

Gln

Tle

Trp

ATrg

Cys

145

Tle

Glu

Thr

Trp

Asn

225

Gln

Glu

<210>
<211>
<212 >
<213>

<400>

Ile

Agn

Agn

Tle

130

Agn

His

Agn

Glu

Lys

210

Leu

Val

Glu
Ser
35

Ser

Ile

Leu

Thr

Ile

115

Ser

Pro

Lys
195
Asn

Agn

Ala

Gln

Leu Ser Serxr

Lyvs Ala Asp

Val Gln Thr

PRT

SEQUENCE :

Val

Val

20

Leu

ASDP

Phe

Glu

Ala

100

Glu

Leu

Phe

ASDP

180

Ser

Gly

Ser

ASP

Thr
260

PRT

SEQUENCE :

SEQ ID NO 7
LENGTH:
TYPE :
ORGANISM: Acinetobacter baumannii

268

v

Gln

5

Asp

AsSn

Ala

Arg

Ser

85

Thr

Ala

Gly

Glu

165

Trp

Thr

Pro

Arg

Leu
245

SEQ ID NO 8
LENGTH :
TYPE :
ORGANISM: Acinetobacter baumannii

318

8

310

ATrg

Glu

Gln

Met

Val

70

Tle

Agn

Glu

ASpP

Tyr

150

Glu

Tle

ASpP

Gln

Ala
230

Ser

23

Arg

Leu
295

Thr
Gly
Tle
Arg
55

Asn

Hisg

ASn
135
Asn
Asp
ASn
Glu
Lys
215
Met

Asp

Pro

2la
280

Lys

Ser

ASP

His

ASP

40

Glu

Val

Gln

Leu

Agn

120

Val

Thr

Thr

Thr

200

Arg

Met

ASP

Pro

Leu
His
25

Glu

Glu

Gln
Tle
105

Pro

Val

Leu

Tle

185

Ile

Tle

ATrg

Ala

Glu
265

Tyr

Gly

Lys

Tyr
10
Phe

Pro

ASp

Tle

90

Glu

Gln

Leu

Agn

Tle

170

Ser

Thr

Val

Phe

Val
250

Thr

Met Phe Ser Ser Asp Leu Thr Asp Tyr Val

1

5

10

Arg

Ala

Glu
315

Phe

Leu

Leu

ITle

Agnhn

75

ASp

Ala

Thr

Tyr
155
Trp

Pro

Leu

Phe

Met
235

Trp

-continued

Phe
Val
200

Thr

Pro

AYg

Tle
60

Gln

Ser

Thr
140

Gln

Phe

ASpP

Ala
220

Gly

US 9,267,117 B2

Met Gly Leu Tyr

285

Trp Lys Arg Val

Lys

Gln

Asn

Ser

45

Ser

Glu

Tle

Thr

Ile

125

Thr

Arg

Pro

Gly

Lys

205

Arg

Leu

Arg

Cys

Leu

Ser

30

Ile

Tle

Gly

Tle

Phe

110

Agn

Gly

Arg

Leu

120

Leu

Val

Val

Gly

15

Ser

Thr

Gln

Glu
o5

Leu

ASP

Gly

Leu

175

Thr

Glu

Glu
255

Tle

Met

Gln

Gly

Pro

80

Glu

Glu

Gly

Val

2la

160

Tle

Glu

ASp

Phe
240

Ile Arg Gln Leu Gly Arg

15

24



Thr

Leu

Leu

Gly

65

Ser

Thr

Gln

Glu

145

Leu

ASP

Gly

Leu

225

Thr

Glu

Glu

Lys
305

<210>
<211>
<«212>
<213>

<400>

Leu

Ser

50

Ile

Met

Gln

Glu

Pro

130

Glu

Glu

Gly

Val

Ala
210

Ile

Glu

ASpP

Phe

290

Cys

Agn

Agn

35

Agn

His

Glu

Thr

His

115

Gln

Tle

Trp

Arg

Cys

195

Leu

Glu

Thr

Trp

Agn

275

Gln

Glu

Lys
20

ASP

Ile

Glu
100

Agn

Agn

Tle

180

Agn

His

Agn

Glu

Lys

260

Leu

Val

PRT

SEQUENCE :

Met Phe Ser Ser

1

Thr

Leu

Leu

ASp
65

Lys

Leu

Ser

50

Tle

Agn

Agn

35

Agn

His

Lys
20

ASP

Tle

Arg

Ile

Glu
Ser
85

Ser

Ile

Leu

Thr

Ile

165

Ser

Pro

Lys

245

Asn

Ser

Ala

Gln

SEQ ID NO 9
LENGTH:
TYPE :

ORGANISM: Acinetobacter calcoaceticus

318

5

Asp
5

Arg

Phe

Glu

Thr

Tle

Val

70

Leu

ASpP

Phe

Glu

Ala

150

Glu

Leu

Phe

ASpP
230

Ser

Gly

Ser

ASP

Thr
3210

Leu

Thr

ITle

Vval
70

25

Glu

Leu

Ala

55

Asp

Asn

Ala

Arg

Ser

135

Thr

bAla

Gly

Glu

215

Trp

Thr

Pro

Arg

Leu
295

Thr

Glu

Leu

Ala

55

Asp

2la

Lys

40

Leu

Glu

Gln

Met

Val

120

Tle

Agn

Glu

ASDP

Tyr

200

Tle

ASP

Gln

Ala

280

Ser

ASP

Ala

Lys
40

Leu

Glu

Tyr

25

Phe

Thr

Gly

Ile

ATrg

105

Agn

His

Agn

185

Agn

ASP

ASn

Glu

Lys

265

Met

ASP

Pro

Tyr
25
Phe

Thr

Gly

Val

Val

ASp

His

ASDP

50

Glu

Val

Gln

Leu

Agn

170

Val

Thr

Thr

Thr

250

Arg

Val

10

Val

Val

ASpP

His

Val

Thr

Leu

His

75

Glu

Glu

Gln
Val
155

Pro

Val

Leu

ITle

235

Ile

Tle

ATrg

Ala

Glu
315

Ile

Val

Thr

Leu

His
75

-continued

Ser

Gln

Tvyr

60

Phe

Pro

ASpP

Tle

140

Glu

Gln

Leu

Asn

Tle

220

Ser

Thr

Val

Phe

Val

300

Thr

ATYJ

Ser

Gln

Tvr

60

Phe

Arg

Gln

45

Phe

Leu

Leu

Tle

Asn

125

Asp

Glu

Thr

Tvyr

205

Trp

Pro

Leu

Phe

Met

285

Trp

Gln

Arg

Gln

45

Phe

Leu

Tle
30

Phe

Pro

ATg

Tle
110

Gln

Phe

Thr
190
Gln

Phe

ASP

Ala
270

Gly

Leu

Tle

30

Phe

Pro

ATrg

Tle

Val

Gln

Agn

Ser

55

Ser

Glu

Tle

Ile

175

Thr

Arg

Pro

Gly

Lys

255

Arg

Leu

ATrg

Gly

15

Tle

Val

Gln

Agn

US 9,267,117 B2

His

ATrg

Leu

Ser

80

Ile

Tle

Gly

Tle

Phe

160

ASpP

Leu
240

Leu

Val

Val

ATrg

His

ATrg

Leu

Ser
80

26



Ser

Thr

Glu

Glu

145

Leu

ASP

Gly

Leu

225

Thr

Glu

Glu

Gly
305

<210>
<211>
<«212>
<213>

<400>

Met

Gln

Gly

Pro

130

Glu

Glu

Gly

Val

Ala

210

Ile

Glu

ASpP

Phe

290

Cys

Glu

Thr

His

115

Gln

Tle

Trp

Ser

Cys

125

Ile

Glu

Thr

Trp

Agn

275

Gln

Glu
100

Agnh

Agn

Tle

180

Agn

Hisg

Agn

Glu

Lys

260

Leu

Val

PRT

SEQUENCE :

Val Lys Tyr Gly

1

ASpP

Ser

Leu

65

Glu

Glu

ASh

Tle

Phe
50

Ala

Pro

Ile

AgSh

Met

Val
35

Val

ASP

Phe

Leu

Tle

115

Gln

Glu
20
Tle

Val

Leu

His

Agn

100

Gln

Ser

85

Ser

Ile

Leu

Val

Ile

165

Ser

Pro

Lys

245

Agh

Ser

Ala

Gln

SEQ ID NO 10
LENGTH:
TYPE :
ORGANISM:

296

Leu

ASpP

Phe

Glu

Ala

150

Glu

Leu

Phe

ASpP
230

Ser

Gly

Ser

ASP

Thr
3210

27

Asn
Ala
Arg
sSer
135
Thr
Ala
Gly
Glu
215
Trp
Thr
Pro

Arg

Leu
295

Gln

Met

Val

120

Tle

Agn

Glu

ASDP

Tyr

200

Tle

ASP

Gln

Ala

280

Ser

Ile
Arg
105

Agn

His

Agn

185

Agn

ASP

ASn

Glu

Lys

265

Met

ASP

Pro

ASDP

50

Glu

Val

Gln

Gln

Agn

170

Val

Thr

Thr

2la

250

Arg

Glu

Glu

Gln
ITle
155

Pro

Val

Leu

ITle

235

Ile

Ile

ATrg

Ala

Glu
315

Paraprevotella xylaniphila

10

Thr
5

Arg

Ser

Gln

Lys

85

Ile

Glu

Tle

Agn

Leu

ATrg

Gln

Leu

70

Agn

Thr

Tle

Gln

Ser

Phe

Tle

Tvr

55

Pro

ASn

Asn

His

Glu

Ala

Trp
40

Tle

Gln

Thr

Ser

His

120

Met

Phe

Lys

25

His

ATrg

Leu

Glu

Lys
105

Gln

Gly

Lys
10

Tle

Gln

Arg

AgSh

Tle
Q0

Pro

Tle

ASp

ASp

Ser

Leu

Thr

Ile

75

ASpP

Ile

Thr

Agnh

-continued

Pro

ASD

Tle

140

Gln

Leu

Asn

Ile

220

Ser

Thr

Val

Phe

Val

300

Ala

Met

ASDP
Gln

60

Phe

Ile

ASDP

Phe

Leu

Tle

Asn

125

Asp

Ala

Thr

Tvyr

205

Trp

Pro

Leu

Phe

Met

285

Trp

Asp

Asp

45

Asp

ITle

Tle

Ile

Val
125

Gln

Tyzr
Ile
110

Gln

Ser

Thr
190
Gln

Phe

ASP

Ala
270

Gly

Lys
30

ASP

Glu

ATrg

ASP

110

Val

Pro

Ser

55

Ser

Glu

Tle

Thr

Ile

175

Thr

Arg

Pro

Gly

Lys

255

Arg

Leu

ATrg

Lys
15

Thr

Arg

Tle

Agn
o5

Ser

Trp

US 9,267,117 B2

Ile

Tle

Gly

ITle

Phe

160

ASpP

Leu
240

Leu

Val

Glu

Leu

Glu

Val

Ala

Agh

80

Glu

ASpP

Leu

ASDP

28



ASp

145

Thr

Ala

Glu

Tyr

225

Trp

ASpP

Agn

Ser

<210>
<211>
«212>
<213>

<400>

130

Val

Val

Phe

2la

Hig

210

Glu

Leu

ASpP

Agn
290

Ser

ASP

Gly

Val

195

ATy

Ser

Leu

Glu
275

Thr

Thr

ASP

Thr

180

Pro

Leu

Pro

Ala

Gly
260

PRT

SEQUENCE :

Met Thr Thr Phe

1

Lys

Asn

Thr

Agn

65

Ala

Ala

Pro

Glu

Leu
145

Glu

Leu

Tvyr

Gly

Leu

50

Leu

Agn

Agn

Ser

130

ASp

Leu

Ile

Val

Cys

Pro

35

Leu

Leu

Ile

Phe

Val

115

Ile

Agn

Gly

Ser

Ser
195

Tle

20

Val

ASP

Ser

Thr

Val

100

Leu

Gln

Ser

Gln

Lys

180

Leu

Leu

Asn

165

AsSn

Trp

Pro
245

Phe

Ser

Gln

SEQ ID NO 11
LENGTH :
TYPE :
ORGANISM: Naegleria gruberi

321

11

Ser

Pro

Thr

Met

165

Leu

Asn

Ser
150
Glu

Pro

Ala
230

Glu

Tle

Leu

Gln

Gly

Val

Gly

Cys
70

Gly

Pro

150

Leu

Leu

ASpP

29

135

Val

Asn
215
Glu

Glu

Phe

Asn
295

Gln

Thr

Asn

Gly

55

Asp

His

Glu

Arg

135

Phe

Ser

Thr

Ser

Glu

Leu

His

Agn

200

Glu

Agn

Thr

Glu
280

Val

Thr

Thr

ATrg

40

Gly

Thr

Glu

ASpP

Leu
120

Agn

Glu

Tyr
200

ATg
Arg
185

Glu

Leu

ATrg
ATrg
265

ASn

Ile

Ala

25

Gly

Tle

Thr

Gly
105

Val

Tle

Val
185

His

Thr

170

Gly

Tle

Ser

Arg

Ile

250

Phe

Lys

10

Agn

Glu

AgSh

Phe

Trp

50

Sexr

Glu

ASpP

Val

Val
170

Ser

2la

Arg

155

Thr

Phe

ITle

Glu

Thr

235

Thr

Val

Glu

Leu

Glu

Gln

75

Leu

Val

Glu

Thr

Thr

155

Agn

Ser

Leu

-continued

140

ASn

ASP

Leu

Trp

ASDP

220

Ala

Phe

Gly

Val

Thr

Val

Lys

60

Gln

Glu

Phe

Gly

140

Ala

Pro

ATYJ

AsSn

Asp

Arg

Trp

205

Gly

His

Leu

Val

Trp
285

Glu

Gln

Ala

45

Ser

Ser

Asn

Leu

Thr
125

Asp

Gln

Thr

AsSn
205

Gly

Val

Ala

120

Pro

Met

Leu

ATg

Phe

270

Glu

Thr

Thr

30

Agn

Leu

Phe

Val

Ala

110

Glu

Ser

Leu

Tle

Ile
190

ala
175

Ser

Agn

Phe

Tyr
255

Agn

Arg

Lys

15

His

Thr

Leu

Thr

Arg
55

Gly

Ser

Agn

175

Agn

Leu

US 9,267,117 B2

Leu

160

Glu

Gly

Thr

Ile

Gln

240

Leu

Val

ATrg

Pro

Thr

Gln

Agn

80

Thr

Leu

Phe

Ile

Gln
160

30



Pro

ITle
225

Phe

ASP

ATrg

Tvr
305

Lys

<210>
<211>
<212 >
<213>

<400>

Ser
210

Arg

Gly

Tle
290

Thr

Phe

Agn

Agn

275

Gly

Glu

Ala

Pro

Gly

Cys

260

Glu

Leu

ASP

PRT

SEQUENCE :

Met Ser Arg Ser

1

Leu

Ala

Thr

65

Met

Thr

ATrg

Pro

Lvs

145

Pro

Ser

ASp

Ser

Thr

225

Gln

Gln

Val

Gln

50

Pro

Agn

Leu

Ser

130

His

Gly

Gln

Thr

Trp

210

Ser

Arg

Leu

Thr

ATrg

AgSh

Ser

115

Ser

Thr

Glu

Gln

195

Pro

ASP

Ser

Lys

20

His

Ile

Pro

ASP

Gly

100

Gln

Glu

Glu

Ile

180

Ser

Leu

Agn

Thr

Phe

His

Asn
245

Vval

Thr

SEQ ID NO 12
LENGTH:
TYPE :
ORGANISM :

2039

Mug

12

Ala
Arg
85

Phe

Gln

Agh

AsSn
165

Thr

Glu

Glu

Ser
245

Asn
Lys
230

Phe

Val

Gln
210

musculug

Pro

ASP

Ala

ATg

Pro

70

Agn

Thr

Pro

ASP
150
Gly

Gln

Tle

Gly

Cys

230

Glu

31

Ser
215
Asp
Gln
Phe

Hig

Phe
295

Ala
Tle
Ser
Arg
55

Ser
Gln
Met
Val
Thr
135
Ser

Glu

Ser
Ser
Thr
215

Thr

Val

Leu

Agn

Agn

Val

Val

280

2la

Agn

Gln

Ala

40

ASP

Phe

Val

Ala

Val

120

His

Val

Gln

Ala
200

His

Ser

Thr

Leu

Thr

Gln

265

Val

His

Ser

Pro

Met

25

Gly

Leu

Leu

Leu

105

Thr

Agn

Pro

ASn

Pro
185

Ser

Pro

Ser

Pro

ASpP

Glu

250

Pro

ala

Leu

Ser
10

2la

Thr

Phe
90

Pro

Ile

Sexr

Arg
170

Val

Gly

Glu

Gln

Gln
250

Ser

Ile

235

Gly

Gly

Agnh

Gly

Lys
315

Thr

Val

Arg
75

Gln

Arg

Gln

Gln
155

Phe

Asnh

Glu

Glu
235

-continued

Asn Asp Gly His

220

Thr

Tvyr

ASDP

ITle

Ser

300

ITle

Ser

AsSn

Glu

60

Ala

AsSn

Thr

Pro

ASDP

140

His

Leu

Glu

Leu

Leu
220

AsSn

Pro

Leu

Val

Thr

285

His

Val

Thr

Pro

45

Thr

Gly

Pro

Ser

Lys

125

Glu

Ala

Vval

Glu

Glu

205

Leu

Ala

Thr

Ser

Glu

Leu

270

Ser

Thr

Ser

30

Gly

Glu

Ala

ASP

Leu

110

Pro

Thr

Glu

ATg

120

Ala

Ser

Pro

Ser

Ser
Leu
255

Phe

Gly

Glu

Thr
15

ASP

2la

Ser

S5

Ser

Val

Gly

Val

Gly

175

Ile

Glu

His

Leu

Agn
255

US 9,267,117 B2

Arg

Leu

240

Thr

Phe

Trp

Pro

Thr
320

Gln

Pro

Arg

80

Leu

Trp

Pro

Val

Ser

160

Glu

Glu

Tle

Gln

Pro

240

Gln

32



Leu

Ser

Phe

Glu

305

Gln

Thr

Ser

Ser

Ser

385

Val

Leu

Gly

Ala

Pro

465

Thr

Gln

ASpP

ITle

Met

545

Ser

Val
Glu
625

ASP

Thr

2la

Pro

Arg

290

Ser

Pro

Pro

Val

Gly

370

Pro

2la

Pro

Pro

Thr

450

Agn

Arg

Gly

Leu

Ser

530

Ser

Thr

Glu

Agn

Leu

610

Agn

Phe

Sexr

His

ASP

Agn

275

Tle

Val

ASP

Glu

Leu

355

Ala

Glu

Met

Glu

435

Pro

Pro

Ala

Phe

Thr

515

ATg

Met

Pro

Pro

ATrg
595

Agn

Arg

Pro

Leu
260

Pro

Val

Val

Gln

340

Gly

Agn

ASP

ASP

Pro

420

Pro

Tle

Glu

Glu

Thr

500

Gln

Val

Pro

Pro

Cys
580

ATrg

Agn

ATy

660

Leu

Ser

Thr

Pro

Pro

Phe

325

Vval

Gln

Leu

Leu

Met

405

Pro

His

Leu

Ser

Lys

485

Vval

Gly

Ser

Vval

Met

565

Gln

AsSn

Pro
Lys
645

Gly

Glu

Ser

Gly

Glu

Thr

310

ASP

Gly

Ala

Vval

Gly

390

ASP

Agn

Ser

Thr

Ser

470

Gln

Ala

Ser

ITle

Thr

550

Val

Gln

Ser

Pro

Gln

630

Pro

His

Agn

33

Gln
Ser
Leu
295
Ala
Thr
Ser
Phe
Gln
375
Ala
Arg
Thr
Ser
Leu
455
Ser
Phe
bAla
Gln
Thr
535

Gln

Glu

Hig

Glu
615
Arg
Val

Gly

Val

Val
ASP
280

ASDP

Leu

His

Ser

360

Val

Tle

Agn

Val

Thr

440

ASpP

Val

Gly

Glu

Ala

520

Gly

Ala

ATrg

Ala

Gln
600

Ala

Glu

Agn

Glu

ATrg

Glu

265

His

Leu

Ile

Pro

Pro

345

Thr

Glu

Thr

Ala

Ala

425

Ser

Ser

Pro

Thr

Agn

505

Ala

Ser

Ser

AgSh
585

Tle

Thr

Gly

Glu
665

Ser

Agn

Gln

330

Agn

Leu

2la

Met

Thr

410

Thr

Gly

Leu

Ser

490

Glu

Pro

ala

Thr

Lys
570

Sexr

Pro
650

Glu

Agn

ITle

Gly

Thr

Phe

315

Glu

Gln

Pro

Leu

Leu

395

Pro

Gly

His

Val

4775

Leu

Val

Ser

ASDP

Ser

555

ATrg

Gly

Gln

Pro
635

Gln

Ala

-continued

Lys Leu Ser

Phe
Cys
300

Ile

Val

Leu

Gly

380

AsSn

ASpP

Ser

Leu

Thr

460

Tle

Phe

Gln

Val
540

Ser

Glu

Ala

620

Ser

ATrg

Gly

Pro

285

Met

Leu

Thr

Leu

Gln

365

Gln

Leu

Ser

Glu

445

Pro

Ala

Pro

His

Leu

525

Pro

Ala

Arg

605

Gln

Vval

Glu

Leu

Gly

270

ASP

Pro

Ala

Leu

ASP

350

Trp

Gly

Gln

Pro

Pro

430

Val

Gln

Ala

Ala

Ala

510

Glu

Ala

Pro

Thr
590

Val

Leu

Ser

ASP

670

Met

ASP

Ser

Leu

Gly

Ile

335

2la

Gly

Ser

Glu

Ile

415

Leu

Gln

Leu

Agn

Val

495

Pro

Gly

Thr

Gly
575

Thr

Met
655

Leu

Thr

US 9,267,117 B2

Pro

Ser

ASp

Ser

320

Thr

Thr

Phe

ASp

Thr

400

Phe

Leu

Gly

Pro

Gly

480

Pro

Leu

Glu

Ala

Agn

560

Val

Glu

Thr
640

ASpP

ITle

Gly

34



Tle

Gly

705

Pro

Phe

Thr

Cys
785

Leu

His

Glu

Lys

865

Thr

Glu

Val
Agn
045

Ile

Ala

Glu

690

Gln

Gln

2la

ASpP

2la
770

ATrg

Ser

Pro

850

ASpP

Gln

Gln
9320

ATrg

2la

675

Val

Val

Pro

Gln

Thr

755

Leu

ASP

Gly

Ser

Ala
835

ATrg

Leu

ASP

Ala

915

Gly

Thr

Ser

Gly

Glu

Ser

Thr

740

Hig

Gly

Ala

Pro

Gly

820

Gly

ASDP

ATg

Ser

Glu

900

Ile

Phe

Gln

Gly
980

Gly

Glu

725

Tle

Leu

AsSn

Met

Arg

805

Ala

Ser

Gly

Leu

Glu

885

Glu

Leu

Gly

Gly
965

Arg

Trp

Ser

710

ASP

ATrg

Pro

Agn

Ser

790

AsSn

Glu

ATg

Ser

Thr

870

Ala

Ala

His

Leu

Ser

950

Ala

35

Ala

695

Asp

Asn

Leu

Ser

775

Val

Thr

Pro

Pro

Pro

855

Leu

Pro

Hig

Ser

His

535

Pro

Pro

Pro

680

Pro

ASP

Gly

Agn

760

Ser

Thr

Leu

Thr

Hig

840

Val

Glu

Ser

Gln

Val

920

His

ASP

Ser

Phe

Agn

Ala

Gln

Met
745

Thr

Leu

Tle

825

Pro

Gln

Gln

Glu

Lys

905

ATrg

ASP

Ser

Ser

ASDP
585

Agn

Gln

730

Leu

Leu

Ser

Phe

810

Phe

Pro

Pro

Val

Ser

890

Thr

Thr

Phe

Pro

570

Gly

Leu

715

Thr

Agn

Agnh

Leu

Gly
795

Gln

Agnh

Glu

Ser

Val

875

Ser

Ala

ASDP

Val

Ala

055

Thr

Phe

-continued

Ser

700

Thr

Agnh

Val

His

Thr

780

Gly

ASn

Leu

860

Ala

Ser

Ser

Leu

Val

540

Thr

Ala

Glu

685

His

Gly

Pro

His

Glu

765

Asp

Glu

Pro

His

Val

845

Leu

Tle

Pro

Leu

Gln

525

Phe

ASn

Glu

AsSn

Leu

Val

Ser

Cys

750

Glu

Pro

Gly

Pro

830

Pro

Ser

Glu

Ser

Leu

910

ASP

AgSh

Gln

Lys

Ser
990

2la

Glu

Pro

735

Leu

Phe

Ser

ASP

Leu

815

Agn

Agn

Leu

2la

Lys

895

Agn

Pro

Gly

2la

Lys

575

His

US 9,267,117 B2

Glu

Agn

720

Thr

Pro

Ser

Agn

His

800

Agn

Thr

Met

Leu

880

Pro

Ser

Agn

Gln

Leu

960

Gly

Pro

36

Ile Glu Hig Asgsn

995

Leu Pro Ser Leu Glu Asn Cys Ser Gln Val Leu Ser

1000 1005

Asp Gln His Pro Ser Gln

1010

Ser
1015

Asn Leu Ser ASP Cys

1020

Asp Ala

Gln
1035

Pro Tyr Ser Gln Ile Glu Val Ala Ala Leu Thr Gln

1025

Glu Asp
1030

Val
1050

Hig Ile Asn Ala Glu Asn Ala

1045

2la Thr Ile

1040

Leu Ser Asn Arg

Thr
1065

Leu Val Ala

1060

Glu Ser Thr Pro Glu Ser Agn Gln

1055

Gln Pro Pro Ser Ser

1080

Gln Glu Met Val His

1075

Ser
1070

His Arg

Val Ala

1090

Gln Thr

1085

Thr Pro Ala

1095

Pro Serxr Pro Ser
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-continued

Gln

Glu

Ser

Pro

Pro

Pro

Gln

ASp

Hig

Met

Asn

Pro

Glu

Ser

Ala

Glu

ITle

Gly

Glu

Ser

Pro

Lys
1100

Pro
1115

Gln
1130

Ser
1145

Val
1160

Val
1175

Pro
1120

Glu
1205

Phe
1220

Agn
1235

Pro
1250

Ala
1265

Leu
1280

ASpP
1295

Val
1210

2la
12325

Ala
1240

Pro
1355

Pro
1370

Tyr
1385

Leu
1400

Glu
1415

Cys
1430

Lys
1445

Thr
1460

Arg
1475

Lvs

Pro

Leu

Leu

Thr

Tle

Ser

Leu

Gly

Val

Thr

Leu

Gln

Gln

Ala

Thr

Met

Pro

Leu

Ala

Leu

Ala

Ala

Ala

Phe

Leu

Gln

Asn

Val

Thr

Gln

Pro

Ala

Hisg

Leu

Hisg

Thr

Ser

Asp

His

Glu

ITle

Val

Tle

Val

Met

ATy

Arg

Ile

Gln

ATy

Ser

Gln

Glu

Gly

Gln

2la

Gln

Leu

Phe

Ser

Glu

Agn

Leu

Thr

Val

2la

Ile

2la

Ala

Ser

Glu

Arg

Agn

Tle

Val

Ser

Gln

Ser

Gln

Tle

Pro

ASP

Ser

Phe

Leu

ASP

Gly

ATrg

Phe

Leu

Val

ASP

Thr
1105

Ser
1120

Tyr
1135

Phe
1150

Tle
1165

Thr
1180

Lys
11595

Glu
1210

Gly
1225

Pro
1240

Pro
1255

Thr
1270

Pro
1285

ASpP
1300

Gly
1315

Agn
1330

Lys
1345

Tle
1260

Gly
1375

Ala
1290

Phe
1405

Thr
1420

Trp
1435

Val
1450

Val
1465

Arg
1480

Pro

Gln

Ser

Gly

Pro

Pro

Phe

Pro

Gly

Met

Pro

Gln

Pro

Pro

Tle

Gly

Glu

Ala

Gly

Gly

Gly

Gly

Val

ATrg

Leu

Leu

Hig

Glu

Gln

Val

Ser

Thr

Ser

Gln

Val

Ser

Phe

Pro

Ala

Thr

Pro

Ser

Gly

Thr

Pro

Gln

Tle

Glu

Ile

Ala

Asnh

Met

Ser

Phe

Gln

Arg

ASP

Thr

Ser

Asnh

His

Thr

sSer

Val

Leu

Ile

Leu

Gln

Ser

Glu

Arg

ATrg

Leu

AsSn

ASpP

His

Ser

Agn

His

Agn

Ser

Phe

Val

Gln

Leu

Leu

Ile

Vval

Gly

Met

Val

Gly

Gly

Arg

Val

Leu

Glu

Lys
1110

Gln
1125

Asp
1140

Pro
1155

Gln
1170

Asn
11865

Pro
1200

Leu
1215

Ala
1220

AgSn
1245

Cys
1260

Gly
1275

Pro
1290

Leu
13065

Thr
1320

Pro
1335

Asp
1350

Glu
1365

Glu
1380

Ala
1395

Lys
1410

Lys
1425

Ser
1440

Asp
1455

Trp
1470

Leu
14865

ATrg

Ile

Arg

ITle

Glu

Glu

Pro

Glu

Gln

Ala

Ala

Gly

ATYg

Glu

Thr

Leu

Gln

Ala

Ala

Ser

Gly

His

Glu

Thr

Trp

Ser

Leu

Leu

Leu

Thr

Pro

Glu

AsSn

Gln

Thr

Thr

Leu

Glu

Gly

Val

Tle

Ser

Pro

Hig

Gly

Glu

Lys

Gln

Met

Phe

Phe

Ala

Ala

Ala

Ile

Glu

Ser

Gly

Asp

Ser

Ala

Pro

Arg

Arg

Gln

Glu

Ile

AsSn
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-continued

Leu

Asn

Asn

Leu

Gly

Pro

Gln

Val

Ser

ASP

Tle

Leu

Gly

Gln

Pro

AsSn

Ser

Leu

Thr

Thr

Glu

Hig

Leu

Gln

Val

Arg
1420

Lys
1505

Gly
1520

Gly
1535

ala
1550

Met
1565

ASpP
1580

Agn
1595

Met
1610

2la
1625

Gly
1640

Ile
1655

Arg
1670

His
1685

Ser
1700

Val
1715

Val
1730

Lys
1745

Thr
1760

Gln
1775

Ala
1790

Met
1805

Cys
1820

Gln
1835

Thr
1850

Leu
1865

Glu

Ser

Lys

Ala

Cvys

Pro

Ser

ATg

Leu

Ala

Gly

Vval

His

Ala

Vval

Val

Agn

Pro

Ser

Ser

Ala

Ser

Pro

Thr

Ser

Ser

Pro

AP

Arg

Ser

Asn

Ser

Gln

Pro

Asp

Thr

Asn

Asp

Leu

Glu

Gly

Arg

Gly

Hisg

Ser

Gly

Ser

Gly

Leu

Pro

Leu

Glu

Ser

Thr

Phe

Phe

Glu

Thr

Glu

Val

Met

Gly

Pro

Gly

Pro

Ser

Leu

Ser

Gly

Gly

Thr

Pro

Ser

Leu

ATrg

Gly

Ser

Gly

Pro

Gly

Leu

Leu

Ala

ATg

His

Arg

Leu

Met

Thr

Gly

Hig

Val

Ala

Phe

Ala

Val

Thr

Glu

Ser

His

His
1495

Thr
1510

Phe
1525

Arg
1540

Leu
1555

Ser
1570

Ile
1585

2la
1600

Tyr
1615

Leu
1630

Met
1645

Agn
1660

ASp
16775

Tyr
1690

Lys
1705

Arg
1720

Lys
1735

Agn
1750

Lys
1765

Glu
1780

Ala
1795

His
1810

Gln
1825

2la
1840

Gln
1855

ASh
1870

Pro

Pro

Gly

Ser

Hig

ASP

Ser

Thr

Gln

Gly

ASP

Gly

Thr

ATrg

2la

ATrg

Thr

ASP

Thr

Glu

Ser

Pro

ASP

Leu

Ser

Glu

Thr

Gln

Glu

Agn

Val

ATg

Val

Agn

Agn

Phe

Ser

Agn

Leu

Arg

Ala

Glu

Ser

Thr

Gly

Ala

Ser

Thr

Gln

Ala

ASP

Gly

Ser

Asnh

Tyr

Glu

Leu

Gln

Glu

Thr

Ala

Ile

Arg

sSer

Ser

Thr

Ser

Ala

Glu

Pro

Ser

ASP

ATrg

Tle

Trp

Pro

Thr

Glu

Ala

Val

Glu

Ala

Val

Pro

ASp

Leu

Met

Phe

Thr

Ser

Agn

Val

Val

Asn

Leu

Glu

Arg
1500

Asp
1515

Ser
1530

Arg
1545

Lys
1560

Gly
1575

Lys
1590

Pro
1605

Glu
1620

Gly
1635

Hisg
1650

Val
1665

Glu
1680

Thr
1695

Ser
1710

Arg
1725

Lys
1740

Ser
17565

Asp
1770

Thr
1785

Tle
1800

Ala
1815

Ala
1830

Hig
1845

Gln
1860

Ala
1875

Pro

Cys Thr Leu

Pro

Met

ATrg

Trp

Gln

Leu

ATYg

Ser

ASp

ASpP

Gly

Phe

Gln

Ser

Phe

Leu

Ala

Ala

Ala

Ser

Ser

Gln

Phe

ITle

Tle

Leu

Glu

Pro

Hig

Thr

Glu

Glu

Ala

Thr

AsSn

Ala

Ser

His

Ala

His

Glu

Asn

Hig

Thr

Phe

Arg

Thr

Tle

Glu

Glu

Phe

Leu

Gln

Phe

Ile

Glu

His

Ser

Pro

Gly

Pro

Pro

Gln

Gln

Pro
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-contilnued
1880 1885 1890
Glu Asp Asp Asn Leu Pro Gln Leu Asp Glu Phe Trp Ser Asp Ser
1895 1900 1905
Glu Glu Ile Tyr Ala Asp Pro Ser Phe Gly Gly Val Ala Ile Ala
1210 1915 1920
Pro Ile His Gly Ser Val Leu Ile Glu Cys Ala Arg Lys Glu Leu
1925 1930 1935
Hig Ala Thr Thr Ser Leu Arg Ser Pro Lys Arg Gly Val Pro Phe
1940 1945 1950
Arg Val Ser Leu Val Phe Tyr Gln His Lys Ser Leu Asn Lys Pro
1955 1960 1965
Asn His Gly Phe ZAsp Ile Asn Lys Ile Lys Cys Lys Cys Lys Lys
1970 1975 1980
Val Thr Lys Lys Lys Pro Ala Asp Arg Glu Cys Pro Asp Val Ser
1985 1990 1995
Pro Glu Ala Asn Leu Ser His Gln Ile Pro Ser Arg Val Ala Ser
2000 2005 2010
Thr Leu Thr Arg Asp Asn Val Val Thr Val Ser Pro Tyr Ser Leu
2015 2020 2025
Thr His Val Ala Gly Pro Tyr Asn Arg Trp Val
2030 2035
<210> SEQ ID NO 13
<211> LENGTH: 1912
<212> TYPE: PRT
<213> ORGANISM: Mus musculus
<400> SEQUENCE: 13
Met Glu Gln Asp Arg Thr Thr His Ala Glu Gly Thr Arg Leu Ser Pro
1 5 10 15
Phe Leu Ile Ala Pro Pro Ser Pro Ile Ser His Thr Glu Pro Leu Ala
20 25 30
Val Lys Leu Gln Asn Gly Ser Pro Leu Ala Glu Arg Pro His Pro Glu
35 40 45
Val Asn Gly Asp Thr Lys Trp Gln Ser Ser Gln Ser Cys Tyr Gly Ile
50 55 60
Ser His Met Lys Gly Ser Gln Ser Ser His Glu Ser Pro His Glu Asp
65 70 75 80
Arg Gly Tyr Ser Arg Cys Leu Gln Asn Gly Gly Ile Lys Arg Thr Val
85 90 o5
Ser Glu Pro Ser Leu Ser Gly Leu His Pro Asn Lys Ile Leu Lys Leu
100 105 110
Asp Gln Lys Ala Lys Gly Glu Ser Asn Ile Phe Glu Glu Ser Gln Glu
115 120 125
Arg Asn His Gly Lys Ser Ser Arg Gln Pro Asn Val Ser Gly Leu Ser
130 135 140
Asp Asn Gly Glu Pro Val Thr Ser Thr Thr Gln Glu Ser Ser Gly Ala
145 150 155 160
Asp Ala Phe Pro Thr Arg Asn Tyr Asn Gly Val Glu Ile Gln Val Leu
165 170 175
Asn Glu Gln Glu Gly Glu Lys Gly Arg Ser Val Thr Leu Leu Lys Asn
180 185 190
Lys Ile Val Leu Met Pro Asn Gly Ala Thr Val Ser Ala Higs Ser Glu
195 200 205

42



Glu

Cys

225

Ser

Leu

Pro

Ala

Glu

305

Agn

Pro

Gln

385

Agn

Pro

Agn

Pro

465

Leu

Leu

Gln

Ala

Ser
545

Ser

ATrg

Met

Gln

Thr

Agn

210

Val

Ser

Thr

Pro

Ser

290

His

Ser

Ser

Phe

370

Ser

Gly

ATrg

Pro

450

Ser

Pro

Met

Thr

Pro

530

Leu

Sexr

Leu

His
610

ASpP

Thr

Ser

Gln

Ser

Glu

275

Gln

Thr

Ser

Lys

355

Pro

Leu

Ala

Ser

Thr

435

Pro

Pro

Agn

Gly

Gln

515

AgSh

His

Pro

Gln
505

Leu

Pro

ATg

Ile

Ala

Ala

260

Pro

Pro

Gln

Tle

ASP

340

Gln

Leu

Leu

Agn

420

Ser

Leu

Glu

Hig

His

500

Gly

Leu

Ser

Gln

Tyr

580

Val

Gln

Ser

Gly

Ala

2la

245

Gln

Ala

Ala

Gln
325

Asp

Ala

Asn
405

Ser

Met

Gly
485

Ser

His

Vval

Ser

565

Leu

Gln

Phe

Ser

Glu

Val

230

Tle

ITle

Ala

Tle

Ser

310

Gly

Agn

Glu

Ser

Pro

390

ASP

Thr

Ser

Leu

Ser

470

Hig

Glu

Val

Glu

Leu
550

Thr

Gln

Val

Gln

Glu

43

Leu
215
Gln
Glu
Asn
Met
Val
295
Ala
Ser
Leu
Thr
Tle
375
Arg
Val
Leu
Gln
Pro
455
Arg
Ser
Gln
Gln
Ala
535

Hig

Gly

Asn

Lys
615

Ala

Leu

Ser

Leu

Phe

Val

280

Pro

Leu

Met

Gln

Agn

360

Ser

Leu

Ala

Leu

Ser

440

Glu

Gly

Glu

Ala
520

Leu

Ser

Agh

Thr

Gln

600

Ala

His

Glu

Thr

Ser

Ser

265

Thr

Gly

ASP

Glu

Ala

345

Gly

Pro

Val

Leu

ATrg

425

Leu

Gln

Met

Gly

Tle

505

Ala

His

Gln

Val

Ala

585

Gly

Leu

Pro

2la

His

250

Gln

Thr

Ile

Leu

330

Ser

2la

Thr

Leu

Glu

410

Glu

Agn

His

Ser

Leu

490

Pro

Pro

Gln

Thr

AgSn
570

Gln

Pro

Gln

Thr

sSer

235

Glu

Thr

Ala

Gly
315
Phe

His

Thr

Gln

395

Glu

Gly

Pro

Gln

Glu

475

Gln

Gly

Thr

Gly

555

Met

Pro

Ser

Gln

Ala

-continued

Gln Cys Tyr Pro

220

Hig

Tle

Ser

Pro

300

Pro

Ala

Gly

Phe

Val

380

Pro

His

Ser

AsSn

460

Glu

ASD

Trp

Lys

540

Pro

Pro

Glu

Pro

Glu
620

Pro

Val

Pro

Ser

Asp

285

Phe

Ser

Glu

Ser

Arg

365

Thr

Pro

His

Tle

Val

445

Asp

Leu

Hig

Ala

Tle

525

Arg

Vval

Gly

Gln

Gly

605

Ser

Agn

Gln

Leu

270

Ala

Gln

ATg

Glu

Ser

350

Gln

Pro

Leu

ASP

ASP

430

His

Met

Ser

Agn
510

Glu

Agn

Gly

Lys

590

Met

Tle

Val

Thr
Pro
255

Gln

ASP

ala

Tyr

335

Glu

Ser

Pro

Glu

Tyr

415

His

Thr

Gly

Gln

495

Gly

Leu

ASpP

Gln

Phe

575

2la

Gly

Pro

Pro

US 9,267,117 B2

ASDP

Pro

240

Ser

Leu

Agn

Ala

Glu

320

Gln

Ser

Ser

Gly

400

Pro

Gln

Pro

Ser

Tyr
480

ITle

Met
560

Gln

Gln

ASpP

Arg

Gln

44



625

Gln

Pro

Pro

Lvs

705

Phe

AsSn

Phe

Leu

785

Hig

Pro

Gln

ATrg

ATrg

865

Gly

Ala

Gln

Glu

Gln

945

ATg

Leu

His

Gln

Gln

Gln

690

Glu

Gln

Agn

Pro

770

Pro

Pro

Agn

ala

Ser

850

Gly

2la

Gln

Pro

530

Glu

ASpP

Lys

Phe

Ala

Thr

675

Tle

Gln

ATrg

Val

Thr

755

Ser

Val

Agn

Gln

835

Gln

Leu

Ser

Leu

Ser

915

Val

Agn

Agn

Gln

Gln
Thr
660

Gln

Met

Glu

Gly

740

Gln

Ser

Agn

Gly

Val

820

Gly

Val

Gln

ATrg

900

Gln

Ser

Met

Gly

Phe
980

Gln
645

Glu

Ala

Gln

Pro

Gly

725

Asn

Gly

Asp

Ser
805

Thr

Pro

Glu

His

Thr

885

Trp

Pro

Ser

Gln
965

Gln

630

ATrg

Thr

Ser

Gln

Gln

710

Ser

Gln

Gly

Tle

Thr

790

Pro

Gln

Ser

Asn

870

Gln

Leu

Gly

Pro

Ser

950

Pro

Leu

45

Val
Gln
Gln
Gln

695

Thr

Leu
Leu
775
Hig
Thr
Asn
Gln
Pro
865
Glu
Thr
Leu
His
Ser

535

Arg

Agn

ATy

Thr

680

Gln

Phe

Phe

Ser

Glu

760

Thr

Pro

Ser

Gln

Ala

840

2la

2la

Pro

Leu

Agn

920

Ser

Tle

Ser

Ser

Pro

Leu

665

Pro

Gln

Ser

Gly

Lys

745

Gln

Pro

Ala

Agn

ASP

825

Ser

Pro

Pro

Gln
905

Gln

Ile

Leu
985

Ser

650

Ser

Ala

Gln

Hisg

Gln

730

Ser

Val

Agn

Leu

810

Val

Ser

Pro

2la

Gln

890

Met

Arg

Gln

Ile
970

Cys

635

Ser

Gly

Ser

Gln

Leu

715

ITle

Ser

Gln

Ser

Glu

795

Gln

His

Leu

Ala

Leu

875

Gln

Leu

Glu
OG5

Glu

ASDP

-continued

ASp

Phe

Gln

Leu

700

Gln

Asn

AsSn

Ser

780

ATYg

AsSn

ATYg

Gln

Glu

860

Pro

ASDP

Glu

AYg

Pro

540

Tle

Thr

Tvr

Leu

Agh

685

Gln

Gly

Vval

Phe

Ile

765

ASn

Glu

Met

Gly

845

Ala

Val

Thr

Gln

Pro

525

Leu

Ser

Met

Lys

His

Gln

670

Ser

ATrg

Ser

Glu

Gln

750

ASn

Leu

Gln

Gln

Phe

830

Leu

Ala

Pro

Gln

Gln

910

Ile

Ser

Ser

Glu

Ala
990

Leu
6bh5

His

AgSh

Agn
Glu
735

Thr

Gln

2la

Tyr

815

Gln

Gln

Glu

Lys

895

Gln

Pro

Pro

Gln
Q75

Leu

US 9,267,117 B2

640

Ser

Thr

Phe

Agn

ASpP

720

Ser

His

Agn

Tle

Leu

800

Phe

Glu

ASpP

Gln

Gln

880

His

Thr

Thr

Pro

Ser

960

Hig

Thr

46

Ser Gln Hig Val Gln Ala Ala

905

Leu Lvys Lys Lys

1000

Val Pro Thr Asp Ile
1005
Glu

Ser
1010

Glu Asn His Ala Arg 2Ala Ala Glu Pro Gln Ala Thr Lys
1015 1020

Thr
1025

Ser Asp Cys Ser Val Leu Asp Asp Val Ser Glu

1030 1035

Ser Asp Thr

Pro Gly Glu Gln Ser Gln Asn Gly Lys Cys Glu Gly Cys Asn Pro

1040 1045 1050
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-continued

ASDP

ASp

Glu

ATrg

ATrg

Met

Ser

ATrg

Glu

Trp

Pro

ATrg

ITle

Phe

ATrg

Ser

Val

Glu

Glu

Met

ITle

Pro

Leu

His

Ala

Lys
1055

Val
1070

Gly
1085

Gly
1100

Arg
1115

Pro
1130

Leu
1145

Glu
1160

Arg
1175

Agn
1120

Ser
12065

Arg
1220

Leu
1235

Tvyr
1250

Glu
1265

Pro
1280

His
12985

Thr
1210

ASpP
1325

ASp
1340

Gly
1355

ATy
1370

Lys
1385

Glu
1400

Thr
1415

Gln
1430

ASP

Ala

Lys

Lvs

Ser

Asn

Trp

Leu

Cvs

Pro

Met

Lvs

Gly

Lys

His

Phe

Arg

Leu

Glu

Glu

Ser

ITle

Lys

Agn

Pro

Glu

Ala

Ala

Ser

Ser

Hisg

Asp

Thr

Ser

Glu

Phe

Ser

Gln

Ser

Asp

ASn

Gln

Phe

Tle

Gly

bAla

Leu

Gln

Ala

Tle

Ile

Ser

Glu

Thr

Gly

ASP

Gln

Thr

ATrg

His

Leu

2la

Gly

Gln

Phe

Gly

Glu

Glu

Ser

Met

Leu

Pro

Arg

ATg

Gln

Glu

Tle

Ile

ASn

Agn

Leu

Leu

Ala

Pro

Val

Gln

Glu

His

Ser

Val

Leu

Thr

Ser

Glu

Ser

Tyzr
1060

Thr
1075

Ile
1090

Gly
1105

Glu
1120

Glu
1135

Pro
1150

Leu
1165

Glu
1180

Gly
1195

Gly
1210

His
1225

Gln
1240

Pro
1255

ASp
1270

Thr
1285

ASh
1300

ASp
1315

Val
1230

Thr
1245

Leu
1360

Pro
1375

Lys
1390

Arg
1405

Agn
1420

Gly
1435

Tyzr

Leu

Glu

Thr

Gly

Thr

Ala

Gly

Agn

ASP

Ala

Met

Agn

Leu

Glu

Gln

Thr

Ala

Pro

Thr

Met

Pro

Leu

Ala

Leu

ATy

Ser

Ala

Leu

Ala

Pro

ATrg

Pro

Gly

Ser

Ser

Ala

Glu

Ser

Val

His

Glu

Val

Ile

Leu

Val

Leu

Ash

Phe

Phe

Glu

Ala

Leu

Leu

Agn

Glu

Met

Gln

Phe

Ala

His

Ile

Leu

Glu

ITle

Ala

Met

Ala

Gly

Ser

Ala

Pro

Thr

AsSn

Gly

ASpP

Gly

Val

Glu

ATrg

Arg

Gly

Met

Arg

Gly
1065

Arg
1080

Tvyr
1095

Lys
1110

Leu
1125

Val
1140

Ser
11556

Ile
1170

Cvys
1185

Phe
1200

Arg
1215

Lys
1230

Val
1245

Asn
1260

Leu
1275

Phe
1290

Ser
1305

Gly
1320

Ile
1335

Lys
1350

Arg
1365

Lys
1380

Lys
1395

Lys
1410

Lys
1425

Gln
1440

Ala

Tyr

Thr

Trp

Val

Ile

Glu

Gly

Ser

Glu

ITle

Gln

Ser

Thr

Ala

Ile

Arg

Ser

Gln

Pro

Gly

Gly

Gly

Val

ATrg

Ala

Leu

Thr

Gln

Glu

Ala

Val

Glu

Ala

Val

Ala

Tle

Arg

Ala

Ser

Ser

Met

Pro

Pro

Glu

Val

Ile

Asn

Gly

Ser

Glu

Pro

Glu

Gly

His

Val

Pro

Pro

Val

Glu

Ser

Ser

Thr

Thr
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-continued

Leu

Pro

Pro

Ser

Thr

Ser

Leu

Val

Gln

Leu

Thr

ASh

Agn

Met

Hig

Hig

Ser

Leu

Ala

Gln

Glu

Gly

Gln
1445

Pro
1460

Gln
1475

Ser
1490

Pro
1505

Agn
1520

Tvyr
1535

Agn
1550

Pro
1565

2la
1580

Thr
1595

Phe
1610

Met
1625

Val
1640

ASpP
1655

Pro
1670

Thr
1685

Hig
1700

Ser
1715

Gln
1730

Pro
1745

Tvyr
1760

Gly
1775

2la
1790

Arg
1805

Agn
1820

Met

ATrg

Gln

His

Gly

His

Leu

Gln

Val

Gln

Agn

Gly

Gln

His

Ser

His

Tle

Ala

ATrg

Glu

Glu

Trp

Vval

AsSn

Leu

Ala

Hisg

Pro

Tle

Ser

Pro

Val

Asn

Asn

AsSp

Ser

Gln

Asp

Arg

Hig

His

Thr

Phe

Val

Leu

Val

Ser

Ala

His

Phe

Glu

Leu

Gln

Met

Thr

Ser

Agn

Pro

Agn

Agn

ATy

Agn

Ser

ASpP

Leu

Phe

ASp

Ser

Hig

Leu

Leu

Ser

ASpP

Tle

Glu

Pro

Leu

Gln

Pro

Pro

Ser

Ser

Phe

Ser

Gln

Gly

ASP

Leu

Pro

Ala

Ala

Met

Agn

Pro

Gly

Ser

Ala

Val

Thr

Pro

Ala

Gln
1450

Gln
1465

Gly
1480

Val
1495

ala
1510

Tyr
1525

Agn
1540

Tyr
1555

Ser
1570

Leu
1585

Pro
1600

Ser
16165

Phe
1630

Thr
1645

Gly
1660

Lys
16775

Thr
1690

Lys
1705

Gly
1720

Ser
1735

Gln
1750

Glu
1765

Pro
1780

His
1795

Arg
1810

Lys
1825

Arg

Gly

Thr

Agn

Hig

Pro

Ala

Pro

Hig

Pro

Thr

Phe

2la

Thr

Ala

Glu

Phe

Leu

ASP

His

Thr

Ala

Ile

His

Lys

Gln

Thr

Ser

Thr

Thr

Thr

Met

Pro

Phe

ATg

Tle

Thr

Ser

Ala

Ser

Ala

Agn

Agn

Thr

Ala

Agn

His

Thr

Ser

Glu

ATrg

Pro

Gln

ATg

sSer

Ser

Asnh

Phe

Leu

His

Leu

Agn

Pro

Ser

Glu

Ala

ASDP

His

Gly

Ala

Phe

Gly

Thr

Leu

Leu

Glu

Pro

Gln

Ser

Gln

ASP

Ser

Pro

Pro

Gly

Pro

Thr

Ser

Ser

ATrg

His

Ser

AsSn

ASpP

Ser

Ala

Gln

Ser

Val

Ala

Glu

Gln
1455

Pro
1470

Val
1485

Pro
1500

Ile
1515

Hig
1530

Tvr
1545

Tvr
1560

Ser
1575

Asn
1590

Leu
1605

Tvyr
1620

Thr
1635

Pro
1650

Ser
1665

Hisg
1680

Gly
1695

Ile
1710

Arg
1725

Ser
1740

Val
1755

Asp
1770

Tle
1785

Val
1800

Leu
1815

Leu
1830

Gln Pro Gln

Gln

Gly

Thr

Ala

Leu

Asnh

Gln

His

Gly

Leu

Thr

Pro

Leu

Ser

Ala

Thr

Gln

Gln

Pro

Leu

Agnh

Trp

Gly

Pro

Ser

Pro

Gly

Ser

Gly

Gly

Ser

AP

Gln

Asn

Pro

Pro

Ser

Asn

Ala

Glu

Glu

Tle

AgSp

ATYg

Glu

Gln

His

His

Asp

Gly

Leu

Ser

Pro

Hig

Gln

Gln

Pro

Ser

Ser

Ser

Gly

Ser

ITle

Tle

Glu

Pro

His

Ala

ASn



Gly

ATg

Gln

Val

AsSn

1835

Ser

1850

Glu

1865

Sexr

1880

Thr

1895

Thr

1210

ASpP

Pro

Leu

Thr

Phe

Hig

Thr

Ala

Ser

Val

Val Ser

Gly Pro

Glu Asn

Pro Tvr

<210> SEQ ID NO 14

<211> LENGTH:

«212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Phe Leu Pro

1

ATrg

Ser

Gly

Pro

65

Ala

Gly

Phe

ATrg

Agn

145

Leu

Pro

Trp

ATg

Ala
225

Pro

Thr

Glu

Glu

Pro

50

Val

Gly

Pro

Ser

Leu

130

Gly

ASpP

Pro

Leu

Pro

210

Pro

Pro

Glu

Gln

Gly

Leu

35

Val

Agn

Pro

Thr

Ala
115

Thr

AgSh

Glu
195

ATg

Ser

Leu

Leu
275

Thr
20

Ser

Gly

Trp

His

100

Val

Glu

Gly

Leu

Cys

180

Gly

Leu

Thr

Glu

Agn

260

Ser

1713

Mugs
14

Glu

5

Gly

Pro

His

2la

ATy

85

2la

2la

Thr

Pro

Gln

165

Thr

Pro

Arg

Gly

245

Ile

Ser

musculus

Thr

Pro

Val

Gly

ATrg

70

Val

Ala

Glu

Phe

ATrg

150

Thr

Tle

Gly

Pro

230

Leu

Ser

Ala

51

1840

Gln

1855

Gln

1870

Thr

Gly

1885

2la

Phe

1200

Pro

Trp

Asp

Asp

55

Glu

Asp

Arg

Ala

Agnh

135

Pro

Ala

Asp

Ala

215

Pro

Pro

Leu

Leu

Gln

2la

Gly

40

Ser

Pro

Gln

Leu

Val

120

Arg

Glu

Leu

Gly

Ser

200

Leu

Leu

Leu

Gln

Pro
280

Glu

Gln

Gln

25

Pro

Arg

Ala

Glu

105

Ser

Glu

Ser

Ala

Pro

185

Met

Pro

Leu

Ser

Thr

265

Gln

Agn

Pro

Ser

Thr

Tyr

10

Gly

Val

Gln

Gly

Pro

50

ASp

Ser

Met

Leu
170
Glu

2la

Pro

Ser

Gln

250

ala

Pro

His Gly

ser Tvyr

Val Thr

Gln Val

Ala

Ala

Pro

Leu

Pro

75

ASDP

Ala

Ser
Ser
155

Ala

Met

Ser

Ser

235

Ser

Ile

Ser

-continued

1845

Lys

1860

1875

Thr

1890

Thr

1905

Val

Thr

Gly

Ser

60

Gly

Trp

Hig

Gly

ATrg

140

Glu

AYg

Pro

Glu

Glu

220

Glu

Ala

Ala

Hig

Glu

Vval

Gln

45

Thr

Leu

Glu

Asp

Ala

125

Glu

Gly

His

Asp

Gly

205

Ala

val

Leu

Ile

Ser
285

Ile

Lys

30

Met

Ser

Leu

Ala

Leu

110

Leu

Ala

Ser

Gly

Phe

120

Gly

Gly

Pro

Ser

Glu

270

Thr

Agn

15

Thr

ASP

Gly

Gly

ala

55

Val

Ser

Gly

Glu

Met

175

Leu

Gln

Leu

Gln

Tle

255

ala

Ser

US 9,267,117 B2

Gln Glu Lys
Leu Arg Phe Ile
Asp Ser Thr

Gly Pro Tvyr

Ala

Gly

Ser

Ala

b2la

80

Ser

Ala

Thr

Ser

ASDP

160

Glu

Gly

Pro

Val
240

b2la

Leu

Gln

52



Ala

Ser

305

Glu

Thr

Ala

Met

Ser

385

Val

Gln

Ala

Leu

Ala

465

ASpP

Gly

ATrg

Leu

Ala

545

Pro

Pro

Leu

Leu

Leu
625

Gly

Ser

Thr

Ala

Ser

290

Pro

Glu

Pro

Thr

2la

370

Val

Glu

Arg

Gln

Glu

450

Pro

Pro

Phe
520

Ser

ala

Glu

Leu

Gln

610

Glu

Leu

Thr

Cys
690

Glu

Gln

His

Pro

355

Glu

Phe

Ala

Glu

Thr

435

Gln

Gly

Pro

Val

Pro

515

Leu

Glu

Ser

Pro

Pro

595

Ser

Glu

Pro

Ile
675

Phe

Agn

Pro

Ser

Pro

Pro

340

ATy

Leu

Pro

Ala

420

Ala

Ala

Trp

Pro

Gly

500

Ile

Pro

Gly

Gln

Ser

580

Pro

Gly

Leu

Gly

Leu

660

His

Pro

Leu

Ser

325

Glu

Asn

Glu

Arg

Ser

405

Pro

Leu

Gln

Trp

Lys

485

Ala

Gln

Vval

Gln

Gly

565

Leu

Thr

Ser

Tle

Pro

645

Pro

Ile

Ser

Leu

Pro

Leu

310

Phe

Phe

Ser

Gln

Pro

390

Ser

Leu

Gln

ASpP

Ala

470

Glu

Glu

ITle

ATrg

Ala

550

Ala

Ala

Gln

Thr

ATrg

630

Pro

Ala

Glu

Glu

Thr

53

Glu
295
Arg
Ala
Ser
Trp
Leu
375
Glu
Ser
Leu
Gln
bAla

455

Pro

Gln
535
Pro
Ala
Leu
Glu
Gly

615

Gln

sSer
Pro
Ser
Glu

695

Pro

2la

2la

Pro

Glu

Pro

360

Leu

Ala

Pro

Ser

Hig

440

Ser

Pro

Thr

Lys

520

Tle

Leu

Ser

Phe

Met

600

Gly

Phe

Val

Glu

Ser

680

Gly

Thr

Leu

Pro

ASDP

Ala

345

Val

Gly

Leu

Ala

Ser

425

Leu

Phe

Gly

Thr
505

Ser

Val

Pro

Gln

Ala
585

Pro

Glu

Pro

Ser

665

Gly

Gly

Leu

Ser

Ser

Ser

330

Trp

Pro

Ser

Pro

Pro

410

Glu

Hig

Pro

Ser

Lys

490

Pro

Leu

2la

Ser

570

Pro

Ser

Leu

2la

Tle

650

Pro

2la

Gln

Ser

Pro

Trp

315

Pro

Gly

ATrg

Ala

Thr

395

Val

Pro

His

Thr

Pro

475

Pro

Gly

Ser

Glu

Gln

555

Ser

Pro

Pro

Glu
635

Gln

Phe

Val

Glu

Gly

-continued

Ser
200

Pro

Ala

Thr

Pro

Ser

380

Pro

ASpP

Ser

460

Ala

Pro

Tle

AYg

Gly

540

Leu

Ala

Pro

Ser

Pro

620

Phe

Glu

Ala

Thr

Ala

700

Phe

2la Pro Phe

Val

Phe

Asp

Ser

365

Asp

Pro

Ser

Thr

Arg

445

Thr

Pro

Thr

Asp

525

Leu

Ser

Thr

Ser

Pro

605

Ala

Gly

Pro

Thr

Val
685

Thr

Leu

Val

Pro

Thr

350

Pro

Pro

His

430

Agn

Glu

ATg

Pro

Thr

510

Met

Val

Pro

Gly

590

Met

ASP

ASP

Glu

ATrg
670

Leu

Pro

Glu

Pro

Pro

335

Pro

ASP

Tle

Val

Tle

415

Gln

Leu

Pro

Pro

Ala

495

Ser

Gln

Pro

Pro

Leu

575

ASpP

Val

ASpP

Ser

AgSh

655

Ser

Ser

Thr

Ser

US 9,267,117 B2

Arg

Pro

320

Ala

Pro

Pro

Gln

Lys

400

Ser

Phe

Gln

Pro

480

Gly

Val

Pro

Gln

Pro

560

Thr

Ser

b2la

Phe
640

Gln

Pro

Thr

Pro

54



705

Leu

Val

Thr

Gly

785

Thr

His

Tle

Leu

865

ASp

Ser

Pro

Glu
045

Gln

Glu

Glu

Val

770

Lys

Ser

Leu

Pro

850

Arg

Arg

Phe

ala

Lys

930

Val

Val

Gly

Ala

Lys

755

Ala

Ala

Ser

Glu

Gln
835

Thr

Ser

ATg

915

Glu

Ala

Thr

ATrg

Leu

Gln

740

ASP

Ser

Ile

ATrg

Glu

820

ASn

Ser

Phe

900

Ser

Glu

Pro

Agnh

Pro
©80

AsSp

725

Ser

Glu

Tle

Arg

Gly

805

Ala

Leu

Gly

2la

885

Gly

Glu

Leu

Glu
O65

Phe

710

Thr

Glu

Gly

ATrg

ITle

790

Leu

Val

Gly

Asn
870

Thr

Val
Tyr
550

ASP

Ser

3

Pro
Phe
Pro
Glu
775
Glu
Pro
Leu
Ile
AsSp
865
Pro
Gln
Ser
Pro
Leu
035

Val

Gly

Thr

Pro

Tyr

760

Leu

Tle

Val

840

Thr

Thr

Gly

Trp

ATy

920

ATrg

ATy

Ala

Val

Thr

745

Met

Val

Ala

Leu

825

Ile

Leu

Ser

Ser

905

ASn

Leu

Tle

Thr
085

Ser

730

Thr

Glu

Ile

Lys

810

Val

Leu

Arg

ASp

890

Met

Phe

Ser

2la

ASp

570

2la

715

Leu

ASDP

His

ASpP

Tyr

795

Trp

ATYg

Ile

Gln

ATYg

875

Pro

AYg

Phe

Pro

955

Cys

Cys

-continued

Leu

Leu

ATYg

780

Thr

Val

Hig

Leu

Glu

860

AsSn

Phe

Leu

Gln
940

Gln

ATrg

Met

Asp

Val

Gly

765

Tyr

Gly

Tle

Arg

Ala

845

Leu

Gly

Thr

AsSn

Thr

525

Asp

Ala

Leu

Asp

Thr
Glu
750

Ser

Gly

ATrg

Ala
830

Trp

Thr

Leu

Gly
910
Gly

Leu

Gly

Phe
900

Pro

735

Gln

Gly

Glu

Glu

Arg

815

Gly

Glu

ASP

Agn

Gly

895

ASP

2la

Gln

Leu

575

Cys

US 9,267,117 B2

720

Ala

Ile

Pro

Gly

800

His

His

Gly

Thr

ASpP

880

Ala

Agn

Thr

Agn
960

Ala

56

Asn Thr Val Val

1000

His G1ln His

905

Hig Ala Lys Asp Leu Tyr Asn Gly Cys

1005

Thr
1010

Leu Thr Lys Glu Asp Asn

1015

Arg Cys Val Gly Gln Ile Pro

1020

Val Ala

1030

Glu Asp Glu Gln Leu His Leu Pro Leu Met Ser

1025

Tyr Lys

1035
Ala Val
1050

Glu Glu Gln

1045

Thr Asp Glu Phe Ser Asn Asn Ser

1040

Gly

Ala Ile Gln Val Leu Thr Ala Phe Pro Glu Val

1060

Ser Gly

1055

Arg
1065

ATy

Leu Pro Glu Pro 2ZAla Ser Gln Gln Leu Glu

1070

Arg Lys

1075

Arg Arg

1080
Gln Glu
1095

Glu
1090

Ala Arg Ala Ala Ala Leu

1085

Lys

Ile Gln Glu Ala Glu Ala

1105

Thr Glu Leu Leu

1110

Ser Pro

1100

Leu

Gly Val Thr Thr Leu Ser Leu Leu Ser

1115

Asp Pro Gly

1120

Gly
1125

Gly
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-continued

Gln

Phe

Ser

Ser

Ser

Leu

Glu

Ala

Ala

His

Gln

Pro

Gly

Ser

Thr

Thr

Glu

Thr

ASp

Leu

Gly

Leu

Gln
1130

Ser
1145

Val
1160

Val
1175

Val
1190

Tvyr
1205

Gly
1220

Lys
1235

Tyr
1250

Thr
1265

Pro
1280

Pro
1295

Tyr
1310

ala
12325

Leu
1340

Gln
12355

Val
12370

Tle
12385

Pro
1400

Gly
1415

Pro
1430

Gly
1445

Phe
1460

Trp
1475

ala
1490

Ser
15065

Ser

Ser

Leu

Agn

Gly

Pro

Lys

Gly

AP

Gly

Ala

Agn

Glu

Pro

Gly

Vval

Ser

Gln

Trp

Pro

Agn

Agn

Asn

Ser

Leu

Phe

Gly

Ser

Gly

Phe

Ser

Pro

Gly

ASn

Pro

Ser

Arg

Ser

Glu

Ser

Gly

Pro

His

Gln

Ser

Ser

Pro

Pro

Pro

Asn

Ser

Phe

Pro

2la

ASP

Ala

His

ATrg

Ser

Ile

2la

Gly

Agh

ASpP

Phe

Ser

Pro

Leu

2la

Val

Leu

Glu

Pro

His

His

Ser

Trp

Leu

Glu

His

Glu

ASP

Tle

Pro

Ser

Gly

Trp

Pro

Ala

Thr

Leu

Ser
1135

Ser
1150

Arg
1165

Ser
1180

Ser
1195

Ser
1210

Gly
1225

His
1240

Phe
1255

Pro
1270

Tyr
1285

Pro
1300

Lys
1315

Arg
1330

Gln
1245

Pro
1360

Gly
1375

Leu
1390

Glu
1405

Pro
1420

Lys
1435

Glu
1450

Lys
1465

Val
1480

Lys
1495

Leu
1510

Leu

Gly

Pro

Arg

Agn

His

2la

Ala

Tle

Leu

Ser

Gln

ASP

Agn

Ser

Val

Agn

Ser

His

Phe

Gly

Glu

Ala

Phe

Agn

Ser

Pro

Gly

Leu

Glu

Pro

Leu

Pro

Glu

Ser

Gly

Met

Phe

Ser

Gln

Ala

Gly

Pro

Gly

Glu

Trp

Gly

Val

Ala

ASP

Ala

Thr

Val

Gly

His

Leu

His

Pro

Phe

Pro

Ala

Gly

sSer

Pro

Phe

Trp

Gly

Agh

Trp

Pro

Gly

Gln

Ala

Glu

Vval

Pro

Gln

Leu

Phe

Ser

Asn

Pro

His

Ala

Tle

Pro

Pro

Pro

Gly

Gly

Ala

Gly

Gly

Gly

ATrg

Ala

Leu

Pro
1140

Val
1155

Tvyr
1170

Pro
1185

Pro
1200

Pro
12165

Gly
1230

Ser
1245

Gly
1260

Gln
1275

Val
1290

Gln
1305

Asp
1320

Met
1335

Ser
1350

Lys
1365

Gly
1380

Ala
1395

Leu
1410

Arg
1425

Thr
1440

Met
1455

Phe
1470

Tle
1485

Phe
1500

Lys
1515

Gln

Glu

Ser

Gly

Ser

Ser

Gly

Leu

Gln

Gln

Pro

Ser

Pro

Ser

His

ATrg

Glu

Ser

Phe

Leu

Ser

Gly

Gln

Pro

Gly

Ser

Asn

Ser

Met

Leu

Phe

Gln

Ser

Asn

Ala

Pro

Gln

Ser

Leu

ATYg

Leu

Thr

Ser

Thr

Arg

Ala

Thr

Agp

Thr

Met

Glu

Hig

Ser

Ala

Gly

Phe

Phe

Pro

Val

Ala

Leu

Ser

Thr

Thr

Trp

AsSn

Pro

Leu

Gly

Gly

Leu

Gly

Pro

Pro

Glu
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59

60

-continued

Pro

Val

Phe

Thr

Leu

Leu

ATrg

Glu

Val

ATrg

Ser

Leu
1520

Pro
1535

Glu
1550

Leu
1565

Ser
1580

Pro
1595

Val
1610

2la
1625

Gln
1640

2la
1655

2la
1670

Gln
1685

Tyr
1700

Trp

Ser

Glu

ASP

ITle

Leu

Phe

Leu

ATrg

Glu

Ala

Ala

AsSp

Asp

Glu

Leu

Trp

Gln

Leu

Pro

Leu

Pro

Gly

Glu

Agn

Ile

Gln

Glu

Glu

Gln

2la

Thr

Phe

Val

Glu

Ile

Glu

Pro

His

Ala

Glu

Gly

His

Met

Ser
1525

Val
1540

Glu
1555

Gly
1570

Cys
1585

Agn
1600

Lys
1615

Lys
1630

2la
1645

Lys
1660

Lys
16775

Pro
1690

Val
1705

Leu

Lys

Leu

Gly

Ala

ATrg

Agn

Met

Ala

Glu

Thr

Thr

Glu

Glu

Trp

Val

AT

Leu

ATg

ATg

ASP

Gly

Glu

Glu

Ser

Ala

Arg

His

Asnh

Gln

Leu

Ser

Pro

Gly

ASpP

Val

Glu

Pro

Gln

Leu

Gly

Trp

Gly

Ala

Thr
1530

Ser
1545

Ser
1560

Ala
1575

Leu
1590

Thr
1605

Pro
1620

bAla
1635

Leu
1650

Gly
1665

bAla
1680

Val
1695

Ser
1710

2la

Gly

Glu

Pro

His

Arg

Asn

Glu

Gly

Gly

Tle

Thr

Arg

35

Glu

Pro

Hig

Ala

Ala

Tle

Hisg

Arg

Gln

Ala

Pro

Val

Trp

Glu

Thr

AsSn

His

Thr

Ser

Gly

Ala

Gln

Met

Thr

Ser

ITle

What 1s claimed 1s:

1. A composition comprising a reducing agent capable of
converting 5-formylcytosine or 5-carboxycytosine to 5-hy-
droxymethylcytosine; T4 3-glucosyltransferase (BGT) and a
UDP derivative selected from the group consisting of UDP- 40

glucose and UDP-azidoglucose.

2. A composition according to claim 1, further comprising
a nucleic acid.

3. A kit comprising a reducing agent capable of converting
S-formylcytosine or 5-carboxycytosine to 5-hydroxymethyl-

cytosine; T4 B-glucosyltransierase (BG'T); and a UDP deriva-
tive selected from the group consisting of UDP-glucose and
UDP-azidoglucose.

4. A kit according to claim 3, further comprising UDP-
glucosamine.

5. A kit according to claim 3, further comprising a nucleic
acid.

6. A kit according to any claim 3, further comprising an
oxidizing agent that 1s capable of oxidizing 5-methylcytosine
to 5-hydroxymethylcytosine.

% o *H % x
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